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Abaco Island is located on Little Bahama Bank at the northwestern extent of the
Bahamian Archipelago. Karst features on Abaco include: flank margin caves, karren,
blue holes, pit caves, banana holes, and cone karst. As part of this study all known flank
margin caves on Abaco were GPS located and surveyed. The presence and locations of
the other karst features were recorded as part of the karst inventory of Abaco. The cone
karst is of particular interest because cone karst has not been documented on other
Bahamian islands. These cones form from the dissection of an eolianite ridge due to
karst, fire, and vegetative processes. Tafoni-like recesses, originally believed to be high
flank margin caves, were formed during cliffing of an eolianite ridge during the OIS 5e
highstand. The geologic evolution of representative depositional sequences on Abaco fits
within the accepted Bahamian stratigraphy.
Keywords: Bahamas, Abaco, flank margin caves, carbonate island karst, cone karst,
tafoni
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CHAPTER I
INTRODUCTION
A reconnaissance field trip to Abaco Island, Bahamas from March 11th to March
20th, 2005 revealed the presence of numerous karst features; including karren, blue holes,
pit caves, banana holes, flank margin caves, and landforms that resemble tropical cone
karst. The karst features occur dominantly in eolianite ridges, though some are also
found in exposed subtidal deposits. The cone karst was particularly interesting, as it had
not been previously described from other Bahamian islands. Caves that appeared to be
flank margin caves were found approximately 10-15 meters above sea level at the south
end of the island. The presence of these caves at this elevation was problematic; as
previous work has shown that all known flank margin caves in the Bahamas formed
during the +6 m OIS 5e highstand, circa 125,000 years ago (Carew and Mylroie, 1995a).
Additional fieldwork was conducted on Abaco from May 15th, 2005 to June 15th, 2005.
This trip yielded important observations that helped to clarify the unique geologic history
of Abaco.
Flank margin caves were first recognized in the Bahamas (Mylroie and Carew,
1990) and have since been found on Bermuda (Mylroie et al., 1995a), Isla de Mona
(Frank et al., 1998), the Mariana Islands (Mylroie et al., 2001), the Yucatan Peninsula of
Mexico (Kelly et al., 2004), and Cuba (Downey and Walck, 2005; Limaris, et al., 2004).
1

2
Because flank margin caves are formed at the margin of the fresh-water lens, they are
proxies for sea level at the time of their formation. The tectonically stable Bahamian
archipelago continues to be the ideal location to study flank margin caves and mixing
zone porosity. To date, flank margin caves have been described in the Bahamas on Cat
Island, Crooked Island, Eleuthera, Great Inagua, Long Island, New Providence, North
Andros, San Salvador, and South Andros. This is the first study of flank margin caves on
Abaco Island.
The principle objectives of this study were to: 1) Map a representative sample of
flank margin caves on Abaco; 2) Explain the occurrence of caves on Abaco above +7 m;
3) Describe in detail the morphology and possible mechanisms of formation for the cone
karst landforms; 4) Document the presence and location of other karst features as part of
the karst inventory of Abaco; and 5) Attempt to classify representative depositional
sequences on the island based on the stratigraphy of Carew and Mylroie (1997). The
hypotheses for this work are:
1. The elevations of known flank margin caves will be consistent with previous
evidence that 1) flank margin caves formed during the OIS 5e highstand, and 2)
that the Bahamian Archipelago is tectonically stable, subsiding at a rate of 1-2 m
per 100,000 years. It is expected that the formation of caves on Abaco above +7
m will be shown to have been controlled by factors such as localized perching of
the water table, possibly in association with a low-permeability paleosol.
2. The cone karst landforms represent a unique example of constructional cone karst
that has not been previously documented in the Bahamas or elsewhere in the
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world. Description of these landforms will yield information about the
modification of eogenetic limestones by meteoric processes, and the possible
implications of fire-induced weathering. The presence of the cone karst
landforms on Abaco is likely a combined result of the climate and depositional
history of the island.
3. The stratigraphy of Carew and Mylroie (1995b; 1995c; and 1997) that was
developed on San Salvador Island, Bahamas will be shown to be applicable to
Abaco Island. Abaco is expected to exhibit relationships that have not yet been
documented on other Bahamian Islands, as well as previously studied sequences.
Field classification of deposits on Abaco will provide additional information on
the Quaternary geologic history of the Bahamas.

CHAPTER II
DESCRIPTION OF STUDY AREA
Geography
The Commonwealth of the Bahamas, located southeast of Florida and northeast of
Cuba (Figure 1), consists of 29 islands, numerous keys, shallow banks and rocks (Albury,
1975). The northwest-southeast trending archipelago extends 1400 km from the stable
Florida peninsula to the tectonically active Caribbean Plate boundary near Hispaniola
(Carew and Mylroie, 1995). The Turks and Caicos Islands make up the southeastern
extent of the same archipelago, but are a separate political entity. The Bahamian portion
of the archipelago is 300,000 km2 in area, 11,400 km2 of which is subaerial land
(Meyerhoff and Hatten, 1974).
The Bahamian islands have a total population of approximately 300,000
(Brinkhoff, 2003). Approximately 85% of this population is of African heritage (World
Fact Book, 2005). Two thirds of the people (approximately 214,000) live in the capital of
Nassau on New Providence Island. The majority of the remainder of the population,
approximately 47,000, lives on Grand Bahama Island (Brinkhoff, 2003). New
Providence and Grand Bahama are considered the main islands, while the less populated
islands are called family islands, or out islands.
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Tourism is the main industry, accounting for more than 60% of the total GDP,
with 80% of the visitors coming from the United States (World Fact Book, 2005).
Financial Services, including offshore banking, comprise the second most significant
industry, providing approximately 15% of the GDP (World Fact Book, 2005). Important
mineral resources include salt and aragonite (Sealey, 1994).

Figure 1. Map of the Commonwealth of the Bahamas (modified from Carew and
Mylroie, 1995).
Abaco Island, located on Little Bahama Bank, is the most northeastern island in
the archipelago (Figures 1 and 2). It is bordered on the east by the deep waters of the
Atlantic Ocean, on the south by the deep waters of N.W. Providence Channel and N.E.
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Providence Channel, and on the west by the shallow waters of the Little Bahama Bank
(Figure 1). The landmass of Abaco consists of two main islands, Great Abaco Island and
Little Abaco Island, numerous outlying cays (Figure 2). Many of the cays, such as Elbow
Cay, Green Turtle Cay, Man-O-War Cay, and Great Guana Cay, are inhabited and have
unique personalities and histories. The whole collection of islands and keys is often
referred to as “The Abacos”.
The Abacos are a popular boating destination, mainly due to the large tracts of
protected water found between the main islands and the outlying cays. The largest
settlement is Marsh Harbour on Great Abaco Island, with a population of approximately
5,000 people (Brinkhoff, 2003). Other important settlements include Treasure Cay, Hope
Town on Elbow Cay, Cherokee, New Plymouth on Green Turtle Cay, Little Harbour,
Sandy Point, Cooper’s Town, and Cedar Harbour. Abaco is the third most populated
island in the Bahamas (approximately 14,000) and Marsh Harbour is the third largest city
(Brinkhoff, 2003).
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Figure 2. Map of Abaco Island, Bahamas.
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Climate
Due to its position on the boundary of the temperate and tropical zones, the
Bahamas has a subtropical climate with warm temperate winters and tropical summers
(Sealey, 1994). Winter and summer are the only seasons. The Bahamas is a maritime
country, experiencing high humidity and receiving rainfall all year, though the summers
are much wetter than the winters (Sealey, 1994). Most of the rainfall in the summer is
due to convectional processes, with a large portion being the result of atmospheric
disturbances such as tropical cyclones (Sealey, 1994). The long extent of the Bahamian
archipelago, combined with the frequency and size of such storms, makes it common for
at least some part of the country to be affected each year.
The northeast trade winds dominate the climate though they may be interrupted
by storms, warm air masses from the Caribbean, and cold fronts from the North
American continent in winter (Sealey, 1994). Wind in the summer is dominantly from
the east and southeast, and from the northeast in winter (Tucker and Wright, 1990). The
summer temperatures are generally similar throughout the archipelago. In winter, Grand
Bahama and Abaco are much cooler than the rest of the country due to their more
northerly position and proximity to the North American continent (Sealey, 1994). The
northern islands also experience more rainfall than those in the south (Whitaker and
Smart, 1997), with Grand Bahama and Abaco being the wettest and Great Inagua the
driest (Figure 3).
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Figure 3. Climate map of the Bahamas showing yearly rainfall and P.E.T. (modified
from Whitaker and Smart, 1997).
Geology and Tectonics
The Bahamas have long been the focus of much geologic work on modern
carbonates (Carew and Mylroie, 1997 and references therein; Tucker and Wright, 1990;
Multer, 1977; and Illing, 1954). The Bahama Platform has particular interest to
geologists as it provides a modern analog to the dynamics of ancient carbonate
depositional platforms, many of which are major petroleum reservoirs. Previous geologic
work on Abaco has largely focused on offshore sedimentary processes (Mullins et al.,
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1984; Mullins, 1983; Mullins and Neumann, 1979; and Neumann and Land, 1975) and
coastal geomorphology (Raphael, 1975).
The Bahama Platform is made up of a series of thick, shallow-water, carbonate
banks along the subsiding continental margin of North America (Mullins and Lynts,
1977). Nearly 6 km of carbonate and evaporate sediments are known to underlie the
platform, and an additional 5 km is hypothesized beyond this (Meyerhoff and Hatten,
1974). The formation of the Bahama platform has been debated heavily in the literature
(Meyerhoff and Hatten, 1974; Mullins and Lynts, 1977; and Sheridan et al., 1981) and is
yet to be resolved. The main points of disagreement are centered on the origin of
basement rocks (i.e. continental or oceanic) since drilling has been unable to penetrate the
thick carbonates, and the age and origin of the deep water channels (Mullins and Lynts,
1977).
The basement rocks were originally considered to be of oceanic origin, however,
this was based largely on the complete overlap of the platform onto Africa in continental
reconstructions prior to the opening of the Atlantic Ocean (Mullins and Lynts, 1977).
More recent work suggests instead that the fit problem can be resolved by invoking
rotation of the platform from interaction of the North American and Caribbean Plates
(Mullins and Lynts, 1977). This would imply an original continental basement for the
platform that was later intruded by mafic and ultramafic material in the Late Triassic
(Mullins and Lynts, 1977).
The deep-water channels that separate the shallow banks probably formed in their
present locations by the Late Cretaceous (Sheridan et al., 1988), as evidenced by their
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underlying sediments. Several theories ascribe the formation of the banks and troughs to
horst and graben development from the opening of the Atlantic basin in the Mesozoic
(Mullins and Lynts, 1977). Others give evidence that the Bahamas are the dissected
remnant of a very large Mesozoic carbonate platform (Sheridan et al., 1981). This
“megabank” included the west Florida shelf, the Florida Platform, the Bahama Platform,
and the Blake Plateau (Meyerhoff and Hatten, 1974).
The megabank hypothesis requires subsequent segmentation of the bank to
achieve the current configuration of the Bahamas. Segmentation of the megabank may
have occurred due to erosion and current scour of the channels during lower sea levels,
and carbonate sedimentation on what are now the current platforms during higher sea
levels (Sheridan et al., 1981). Segmentation of the southeastern Bahamas may have also
been a result of recurring faulting during the Tertiary as a result of their proximity to the
North American/Caribbean plate boundary, which led to large-scale bank-margin retreat
(Mullins and Hine, 1989).
Sheridan et al. (1988) propose a hybrid hypothesis in which Late Cretaceous
wrench faulting associated with the Cuban/North American tectonic events produced
small-scale relief that initially controlled the positions of the current platforms.
Additional post-Cretaceous tilting may also have affected the platforms, but
sedimentological processes account for most of the current relief. Despite this evidence
for recent tectonic activity, current work in the Bahamas on fossil coral reefs and flank
margin caves suggests that the archipelago is currently tectonically stable and is
subsiding at a rate of 1-2 m per 100,000 years (Carew and Mylroie, 1995a).
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More recent work on the subsurface geology of the Bahamas has provided
increased insight into bank structure, bank evolution, sedimentology, and diagenesis
based on cores and seismic stratigraphy (Melim and Masaferro, 1997). Development of
the current profile of the Great Bahama Bank following Late Cretaceous/early Tertiary
fragmentation involved coalescence of smaller banks into one large bank, and formation
of a steep western profile from a more gentle prograding margin (Melim and Masaferro,
1997 and references therein). Three distinct seismic facies have also been distinguished
(Figure 4). Cores show that the influence of meteoric diagenesis caused by exposure of
the banks during Pleistocene glacioeustatic sea-level lowstands is limited to 50-80 m
below the lands surface, after which marine diagenesis is dominant (Melim and
Masaferro, 1997 and references therein).

Figure 4. Cross-section over northwestern Great Bahama Bank showing distribution of
seismic facies: 1) modern bank surface; 2) progradational and aggradational
margin deposits; 3) buried banks (from Eberli et al., 1994).
The current landscape of the Bahamas is largely constructional and is composed
entirely of Quaternary carbonate deposits (Figure 5). During interglacial periods, sea
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level rose above the tops of the banks and allowed for the formation and mobilization of
carbonate sediments (Carew and Mylroie, 1997). Subtidal deposits are found at low
elevations, generally below +4 to +6 meters, while eolianite ridges, found up to 63
meters, form most of the relief (Carew and Mylroie, 1997). During glacial lowstands,
when sea level is below the banktops, dissolutional karst processes modify the landscape
(Figure 5A). These long pauses in deposition result in the formation of terra rosa
paleosols (Figure 6).
The glacioeustatic sea level oscillations that have occurred throughout the
Quaternary have allowed for the emplacement of several carbonate depositional
sequences capped by terra rosa paleosols (Figure 5). Due to the known subsidence of the
Bahamian archipelago, sediments that were originally deposited above current sea level
may now be inundated. The only sea level highstand above present to occur recently
enough to still be exposed was the +6 m OIS 5e highstand. Consequently, the only
subtidal deposits currently exposed in the Bahamas are the result of that highstand.
Eolianite deposits, however, have been preserved from several past highstands.
Eolianites can be deposited at any stage of a sea level highstand, and can thus be
described as transgressive-phase, stillstand-phase, or regressive-phase (Carew and
Mylroie, 1997). The following descriptions are based upon the work of Carew and
Mylroie (1997) and the reader is referred to that work for more detailed information.
Transgressive-phase eolianites (Figure 5B) are initiated in the early part of a
highstand, just as sea level begins to flood the banktop. Subtidal sediments begin to be
produced and can be transported by waves to the beaches, and then by wind into dunes.
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Due to rapid cementation from meteoric water, carbonate dunes do not migrate far from
their source area. Transgressive dunes are also subject to cementation by sea spray due to
their proximity to the ocean for the duration of the highstand. Because sea level
continues to rise during their deposition, transgressive dunes are especially subject to
cliffing by wave action. The most distinguishing characteristic of a transgressive-phase
eolianite is the low number of vegemorphs. Vegemorphs are the fossilized remains of
plants that were growing on the dunes when they were active. Transgressive dunes are
not well colonized by vegetation because the coastal vegetative community has not had
sufficient time to develop at the initiation of banktop flooding. The lack of vegetation
allows for good preservation of fine scale eolian bedding.
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Figure 5. Depositional sequences associated with glacioeustatic sea-level fluctuations
(modified from Carew and Mylroie, 1997).
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Figure 6. A terra rosa paleosol, Lantern Head, Great Abaco Island. Rock hammer for
scale.
During the stillstand phase (Figure 5C), at the maximum of the sea-level
highstand, carbonate sediment production remains high, reefs grow to sea level, lagoons
fill due to more protection from the reefs and transgressive eolian ridges, and
progradational beaches and strandplains develop. Heavily vegetated coastal dunes are
formed as the vegetative community stabilizes with the static sea level. However, overall
dune production decreases because the beaches are more protected.
As sea level falls at the onset of the next glacial period, the coastal system
migrates toward the bank margin and regressive-phase beach and eolian deposits bury
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stillstand marine facies (Figure 5D). Sediment production is reduced due to the
decreasing source area, but previously deposited lagoonal sediments may be remobilized
by wind and wave action. Protosols may also develop during pauses in dune building
activity. Regressive dunes are characterized by an abundance of vegemorphs (Figure 7),
because the coastal vegetative community has already developed and can follow the
regressing beach environment to the bank margin. The vegetation generally interrupts
the fine-scale dune bedding that is common in transgressive deposits.

Figure 7. Vegemorphs in a Pleistocene regressive eolianite, Great Guana Cay, Abaco.
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Stratigraphy
A general stratigraphy of the Bahamas (Figure 8), based largely on the rocks from
San Salvador (Figure 1), was developed by Carew and Mylroie (1995b; 1995c; and 1997)
and has since been applied to other islands in the Bahamas. Preliminary reconnaissance
has indicated that this stratigraphy is also applicable to Abaco Island. The following
descriptions are paraphrased from Carew and Mylroie (1997). The reader is referred to
that work and the references therein for more detailed information.
The Owl’s Hole Formation comprises the oldest rocks exposed in the Bahamas
and contains all rocks older than OIS 5e (119-131 ka). To date, all pre-OIS 5e rocks
described in the Bahamas are eolianites. No subtidal units exist. The Owl’s Hole
Formation is almost always comprised of fossiliferous pelsparites and peloidal
biosparites, but may also be oolitic. It is usually highly micritized at the exposed surface,
but portions may remain weakly cemented.
On some islands, such as Eleuthera, at least three eolianite packages separated by
terra rosa paleosols belonging to the Owl’s Hole can be identified within a single outcrop
(Kindler and Hearty, 1995). This outcrop is evidence that eolianites from several sea
level highstands prior to OIS 5e are preserved in the Bahamas. In most cases, however,
sufficient exposure is not available and it is impossible to resolve the Owl’s Hole into
different units using only field observation techniques. For the purposes of this study,
any rocks older than OIS 5e were assigned to the Owl’s Hole Formation. No attempt was
made to identify specific pre-OIS 5e sea level highstands, i.e. OIS 7, 9, and 11, as this
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would require laboratory techniques that are beyond the scope of this study and also
somewhat controversial (see discussion below on amino acid racemization).
The Grotto Beach Formation overlies the Owl’s Hole and is the most widespread
depositional unit exposed on the Bahamas. It is comprised of eolianite, beach, and
subtidal marine facies and can often be divided into two units, the French Bay Member,
and the Cockburn Town Member. The French Bay Member is composed of the
transgressive-phase eolianites and beach facies of the Grotto Beach formation and is
predominantly oolitic grainstones with limited vegemorph development. It may also
contain fossil caves filled with rubble and cliff-line paleotalus deposits that provide
evidence of wave attack during the sea level transgression on which they were formed.
The Cockburn Town Member contains the subtidal, stillstand, and regressivephase beach and eolian deposits of the Grotto Beach Formation. The marine subtidal
facies are recognized in the field by herringbone cross bedding, asymmetrical ripples,
abundant marine fossils and trace fossils, and fossil coral reefs. The elevation of the
subtidal deposits (no higher than +5 m), suggests that they were deposited during the +6
m OIS 5e highstand (ca. 125,000 years ago).
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U/230Th radiometric dates of fossil corals

provide further evidence to this interpretation (Carew and Mylroie, 1995a). The
regressive eolianites of the Cockburn Town Member often exhibit disrupted internal
bedding, calcarenite protosols, abundant vegemorphs, beach breccia facies, and eolianites
overstepping fossil coral reefs. Cockburn Town eolianites are often capped with a terra
rosa paleosol containing vadose pisolites, complex caliche/calcrete crusts, and abundant
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fossil snails (mostly Cerion sp.). Unlike those of the French Bay Member, the Cockburn
Town Member eolianites lack evidence of wave attack during deposition.
The Holocene Rice Bay Formation includes all rocks deposited after the terra rosa
paleosol that caps the Grotto Beach Formation. It comprises all rocks deposited during
the transgression and stillstand of the current sea level highstand (OIS 1). Two members,
the North Point and the Hanna Bay, are recognized based upon differences in bedding
character, allochem composition, and their relation to current sea level. Terra rosa
paleosols are absent on Rice Bay rocks, though thin calcretes and calcarenite protosols
may occur. The Rice Bay generally has a low number of ooids, is dominated by peloids
and bioclasts, has limited diagenetic micritization, and weak, meniscus, low Mg calcite
cements.
The North Point Member is composed of the transgressive-phase eolianites of the
Rice Bay Formation. North Point rocks are usually peloidal and show foreset beds
dipping below current sea level, as they were deposited when Holocene sea level had not
yet reached its current height. Radiocarbon dating places the age range of the allochems
of the North Point Member from 6.1 to 3.7 ka, with an average at around 5 ka (Carew and
Mylroie, 1987).
The Hanna Bay Member comprises the stillstand-phase beach and eolian facies of
the Rice Bay Formation. It includes both lithified rocks and unconsolidated sediments.
The Hanna Bay is dominantly composed of peloidal/bioclastic grainstones, but may be
heavy in ooids where there is an available ooid source area (e.g. Joulter Cays). The
Hanna Bay was deposited in equilibrium with current sea level and is found at the same
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elevation as and in association with modern beach deposits. Radiocarbon ages of whole
rock samples provide allochem age ranges from about 0.3 to 3.2 ka, and are usually less
than 2.5 ka (Carew and Mylroie, 1987).

Figure 8. General Stratigraphy of the Bahamasas developed on San Salvador Island,
showing relationships to sea level events (modified from Carew and Mylroie,
1997).
A modification of the stratigraphy of Carew and Mylroie (1997) was developed
by Hearty and Kindler (1993) using whole-rock amino acid racemization dating methods.
Through the use of these techniques they added the Almgreen Cay Formation, located
stratigraphically below the Rice Bay Formation and above the Grotto Beach Formation,
which they believe was deposited during OIS 5a. The stratigraphy of Carew and Mylroie
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(1997) recognizes no rocks from OIS 5a (see discussion above). Hearty and Kindler
(1993) also separate the Owl’s Hole Formation of Carew and Mylroie into the Fortune
Hill Formation and the Owl’s Hole Formation. The Fortune Hill Formation includes all
rocks of belonging to what was later named the Upper Owl’s Hole Formation of Carew
and Mylroie on San Salvador, and the Owl’s Hole Formation of Hearty and Kindler
includes all rocks of what was later named the Lower Owl’s Hole Formation of Carew
and Mylroie on San Salvador.
The amino acid work of Hearty and Kindler (1993), however, has been questioned
as a reliable dating technique. A study involving amino acid racemization of Cerion sp.
shells from San Salvador Island (Mirecki et al., 1993) showed that it is not possible to
correlate amino acid racemization dates with sea level and that amino acid ages of
eolianites may be suspect. Purcell and Oches (2000) reported that whole-rock amino acid
techniques can be used to support stratigraphic relationships, but is not a reliable method
in the absence of direct field evidence. Though amino acid techniques have been used
successfully for both clastic and carbonate environments in other localities, the Bahamas
may not be ideal for these methods as the geologic setting is not characterized by
continuous deposition (Mirecki et al., 1993). For these reasons the stratigraphy of Carew
and Mylroie (1997), presented above, was used in this study. It is based on relationships
that can be readily discerned in the field and is also the stratigraphy most often used by
other workers in the Bahamas (Andersen and Boardman, 1989; Curran and White, 1991;
White and Curran, 1993, 1995; Kindler, 1995).
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In summary, the stratigraphy of Abaco was discerned using parameters that could
be identified using field observations. The presence of a terra rosa paleosol overlying an
eolianite, for example, would demonstrate that deposition of the eolianite was followed
by at least one sea level lowstand, making it Pleistocene in age. The absence of a terra
rosa paleosol, however, would indicate a Holocene age.

Hydrology
Carbonate Islands such as the Bahamas generally do not have surface streams.
Some islands may have some tidal streams, such as Pigeon Creek on San Salvador Island,
which behave like estuaries. Though these tidal streams are often referred to as “creeks”,
they are not freshwater streams in the traditional meaning of the term. The northern
islands that have a positive water budget have freshwater lakes, while the drier, southern
islands may have hypersaline lakes.
Most of the fresh water that exists on carbonate islands is stored in the fresh water
lens, which is an accumulation of meteoric water that floats on the underlying marine
water due to the density contrast (Figure 9). The behavior of the fresh water lens is
described by the Dupuit-Ghyben-Herzberg principle (Vacher, 1988), which states that
depth of the freshwater-saltwater interface below sea level at any point is a function of
the height of the lens above sea level at that point. The relationship is based on the
differences in density of freshwater (1.00 g/cm3) and seawater (1.025 g/cm3). As a result
of the densities, the freshwater-saltwater interface is depressed 40 m for every meter the
water table is above sea level.
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Figure 9. The freshwater lens on a carbonate island (modified from Mylroie and Carew,
1995).
The thickness of the lens is a function of the amount of recharge available and the
permeability of the rock (Vacher, 1988). The higher the hydraulic conductivity, the
thinner the lens. In an ideal situation, the lens is thickest in the center of the island, and
thins to nothing at the island margin, where it discharges into the ocean (Figure 9).
Consequently, position of the lens margin corresponds with sea level (Vacher, 1988). In
islands with a negative water budget, however, extensive evaporation of inland water
bodies may cause a partitioning of the lens due to upconing of the underlying marine
water. Islands with a positive water budget, such as Abaco, generally have a continuous
lens, unless other factors are controlling the hydrology.
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Coastal Morphology
The coastline of Abaco Island, like that of most Bahamian islands, consists
primarily of sand beaches and rocky cliffs. The lee coasts, including most of the western
side of Abaco, are often more low-lying and are characterized by tidal flats and
mangroves. Cliffs are the result of high-energy shoreline processes, commonly on
eolianite deposits (Figure 10). In some locations, the amount of cliff retreat is made
obvious by flank margin cave remnants (Figure 11). Other erosional modifications due to
wave action include sea caves (Figure 12) and sea arches (Figure 13). Bioerosion
notches, a result of wave and biological processes, are also common (Figure 14).
Flank margin cave remnants are often mistakenly interpreted as fossil bioerosion
notches (Carew and Mylroie, 1997). Flank margin cave remnants often exhibit
undulating floors and the remains of crystalline calcite speleothems, which have been
considered to form only in a sealed cave environment (Carew and Mylroie, 1995a).
However, other interpretations as to the formation of speleothems have recently been
presented (Taborosi et al., in press). Bioerosion notches have flat floors and lack highly
crystalline speleothems. Moreover, recognizable fossil bioerosion notches are rare as
they are often removed by the same erosional processes that allow for cliffing of
eolianites and the breaching of flank margin caves (Carew and Mylroie, 1997).

26

Figure 10. Cliffs in Pleistocene eolianites, Hole-in-the-Wall, Great Abaco Island.

Figure 11. A flank margin cave remnant, Sugarloaf Cay, Abaco.
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Figure 12. A sea cave in Pleistocene eolianites, Little Harbour, Great Abaco Island.

Figure 13. A sea arch in Pleistocene eolianites, Hole-in-the-Wall, Great Abaco Island.
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Figure 14. A modern, active bioerosion notch in Pleistocene eolianites, Abaco.
Wave-cut platforms are present in many locations. Some of the platforms are the
result of modern sea level, while others are most likely remnants from the +6 m OIS 5e
highstand. These platforms are important as they can be used to assign direct timeframes
to the rocks on which they are formed. For example, a platform that shows truncation of
the eolianite bedding by wave energy that is then covered by a terra rosa paleosol that
drapes over the truncations indicates that the platform was cut by wave energy associated
with the OIS 5e highstand, on rocks that were already present. The terra rosa paleosol
would have been deposited over the truncated beds during the following lowstand (Figure
15).
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Figure 15. A terra rosa paleosol deposited over truncated foreset beds on a wave cut
platform, Man-O-War Cay, Abaco.
Much of the windward coasts of Great Abaco Island and Little Abaco Island are
protected by outlying cays (Figure 2), which help to mitigate wave energy from the
Atlantic Ocean. Areas such as Hole-in-the-Wall and Lantern Head in the south, which
have no outlying keys, experience more wave action. The platform margin is also closer
to the shore in some localities, such as Hole-in-the-Wall, which allows for higher-energy
shoreline conditions. Some of the highest cliffs in the Abacos are found at and near
Hole-in-the-Wall. At some locations, the cliffs drop vertically into the ocean (Figure 10)
and are thus directly affected by wave action.
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The outer cays are composed primarily of Pleistocene eolianites and Holocene
beach and eolian deposits. Some, such as Great Guana Cay, show evidence of recent
progradation and seem to be constructed of smaller, consolidated, Pleistocene eolianite
outcrops that have been laterally joined by buildups of Holocene, unconsolidated beach
and eolian deposits. The shore-parallel orientation of the cays suggests that they are
remnants of a Pleistocene eolian dune ridge that has been partially submerged by the
current sea level (Figure 2).
The tidal range is low throughout the archipelago with tidal currents only being
significant in channels between islands, reefs, sand shoals, and other constrictions
(Tucker and Wright, 1990). The extent of the platform combined with the presence of
outlying cays and shoals greatly restricts ocean circulation, creating a region of protected,
shallow water that is only affected by major storms (Tucker and Wright, 1990). Crossbank currents occur only in the absence of outlying cays and shoals. Normal daily wind
patterns are sufficient to allow active bed forms only near the platform margins (Tucker
and Wright, 1990). Salinity near the platform margins has a normal oceanic value of
360/00, but can reach levels of 460/00 on the platform due to evaporation and restricted
circulation (Tucker and Wright, 1990).

CHAPTER III
PREVIOUS INVESTIGATION
Mixing Zone Porosity
Because the calcium carbonate saturation curve is convex upward, mixing of two
waters of varying concentrations creates a solution that is more aggressive towards calcite
dissolution (Figure 16). The interaction of waters of different chemistries at the
boundaries of the fresh water lens creates an environment of preferential calcite
dissolution (Mylroie and Carew, 1990).
Mixing dissolution occurs both at the top of the lens, where vadose fresh water
mixes with phreatic fresh water, and at the bottom of the lens, where phreatic fresh water
mixes with marine water (Mylroie et al., 2004). The top and bottom of the lens are also
density interfaces, which allow for the collection of organic material. The oxidation of
these organics produces CO2 and thus increases dissolutional capability (Mylroie, et al.,
2004). Evidence suggests that the presence of sulfate-reducing bacteria in the mixing
zone may have a significant role in the formation of mixing zone porosity (Bottrell et al.,
1993). Thus, both organic and inorganic mixing are involved. The mixing zones at both
the top and bottom of the lens meet at the lens margin (Figure 8), forming a site that is
most favorable for mixing zone dissolution (Mylroie, et al., 2004).
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Figure 16. The calcium carbonate saturation curve. If water at saturations A and B are
mixed, the resulting solution would be represented by a point somewhere
along the straight line from A to B (in this case point C), and thus
undersaturated with respect to CaCO3. Solution C will be capable of calcite
dissolution until it reaches D. The total amount of calcite dissolved in that
time will be C’ to D’ (from Dreybrodt, 2000).
Eogenetic Karst
The post-depositional evolution of the porosity of carbonate rocks can be divided
into three stages: 1) Eogenetic, the time of early burial, 2) Mesogenetic, the time of
deeper burial, and 3) Telogenetic, the stage of erosion of carbonates that have been
deeply buried and are now near the surface (Choquette and Pray, 1970). Telogenetic
karst is the landscape developed on, and the secondary porosity developed in, ancient
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rocks that are now exposed after experiencing deep burial (Vacher and Mylroie, 2002).
Most traditional forms of karst are formed in telogenetic limestones. Telogenetic rocks
are characterized by a low matrix porosity and high fracture and conduit permeability.
Eogenetic karst is a term that refers to the “land surface developing on, and the
pore system developing in, young rocks undergoing eogenetic, meteoric diagenesis”
(Vacher and Mylroie, 2002, p. 183). The rocks have a high primary porosity that has not
been greatly rearranged. The circulation of meteoric water through these newly exposed
sediments leads to: 1) stabilization of mineralogy as aragonite inverts to calcite; 2)
cementation; 3) alteration of the landscape; and 4) the development of secondary porosity
(Vacher and Mylroie, 2002). Within the lens, horizontal phreatic flow reorganizes the
porosity into high permeability pathways. The overall result of these processes is a
decrease in vertical hydraulic conductivity with a corresponding increase in horizontal
hydraulic conductivity (Vacher and Mylroie, 2002).
The Carbonate Island Karst Model
Island karst results from the unique environments and associated processes that
affect carbonates in island settings (Mylroie et. al., 2004). Island karst is different from
typical karst landscapes that develop in continental settings, and karst on islands, which
forms in the interiors of large islands such as Puerto Rico, Cuba, and Jamaica (Vacher
and Mylroie, 2002). The principles of island karst are summarized by the Carbonate
Island Karst Model, or CIKM, described by Mylroie, et al. (2004). The principles of the
CIKM include:
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1. Mixing of fresh and salt water at the boundaries of the fresh water lens results in
a localized area of preferential porosity and permeability development.
2. Glacioeustacy has moved sea level, and thus the fresh water lens position, up and
down more than 100 m throughout the Quaternary.
3. Local tectonic movement can cause overprinting of porosity developed during
different glacioeustatic events.
4. The karst is eogenetic in that it has developed on rocks that are young and have
never been buried below the zone of meteoric diagenesis.
5. Carbonate islands can be divided into four categories based on basement/sea
level relationships (Figure 17).
A. Simple Carbonate Island—Only carbonate rocks are present (Figure
17A). Meteoric catchment is entirely autogenic and flow within the fresh
water lens is controlled entirely by properties of the rock. The Bahamas
are examples of simple carbonate islands.
B. Carbonate Cover Island—Only carbonate rocks are exposed at the surface
and the catchment is entirely autogenic (Figure 17B). Non-carbonate
rocks exist under carbonate rocks and may influence flow within the lens.
Bermuda is an example of a carbonate cover island.
C. Composite Island—Both carbonate and non-carbonate rocks are exposed
at the surface (Figure 17C), allowing for allogenic and autogenic
catchment. The lens is partitioned and conduit cave systems can develop
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at the contact of the carbonate and non-carbonate rocks. Guam of the
Mariana Islands and Barbados are examples of composite islands.
D. Complex Island—Carbonate and non-carbonate rocks are complexly
interrelated by depositional relationships and/or faulting (Figure 17D).
Perching, isolation, and confining of the freshwater lens is possible.
Saipan Island of the Mariana Islands is an example of a complex island.
Because the Bahamas, including Abaco, are all simple carbonate islands, only
simple islands were considered in this study. The karst features of simple islands can
interact in complex ways, forming a highly modified landscape (Figure 18). The karst
features that are known to occur on Abaco include karren, blue holes, pit caves, banana
holes, flank margin caves, and landforms that resemble tropical cone karst.

36

Figure 17. The four major island types of the carbonate island karst model (from Mylroie
et al., 2004).

Figure 18.Island karst processes on a simple carbonate island (modified from Mylroie and Carew, 1995).
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Karren
Karren are centimeter to meter scale features formed from dissolutional
sculpturing of the carbonate bedrock (Carew and Mylroie, 1997). Karren are usually
more jagged on exposed surfaces and smoother on soil-mantled surfaces. In the intertidal
zone, karren forms are especially irregular and sharp (Figure 19) and are often referred to
as phytokarst (Folk et al., 1973), biokarst (Viles, 1988), or coastal karren (Mylroie and
Carew, 1995). In the narrow zone adjacent to the shoreline, endolithic algae, grazing
invertebrates, wetting and drying, salt weathering and hydration, and salt spray and rain
water mixing combine to form complex etching of the carbonate surface (Taborosi et al.,
2004; Mylroie and Carew, 1995).
The karren that develops on the eogenetic limestones of carbonate islands is
different from that which occurs in continental settings on more mature rocks (Taborosi
et al., 2004). The term eogenetic karren has been proposed to describe karren
morphology that is controlled by the high primary porosity and extreme heterogeneity of
young limestones (Taborosi et al., 2004). Eogenetic karren is composed of a network of
densely packed solution pits separated by jagged ridges and sharp points (Taborosi et al.,
2004). Karren are part of the epikarst, which also includes the soil and the network of
small dissolutional tubes that carry meteoric water below the surface and eventually to
the freshwater lens.
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Figure 19. Coastal karren on Man-O-War Cay, Abaco.
Blue Holes
Blue holes are “subsurface voids that are developed in carbonate banks and
islands; are open to the earth’s surface; contain tidally influenced waters of fresh, marine,
or mixed chemistry; extend below sea level for a majority of their depth; and may
provide access to cave passages” (Mylroie et al., 1995b, p. 231). The source of their
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name is the deep blue color of the water, which is a result of their great depth (Mylroie et
al., 1995b). They are polygenetic in origin and may form by drowning of dissolutional
sinkholes and shafts formed in the vadose zone, by phreatic dissolution along a rising
halocline, by progradational collapse of deep-seated dissolutional voids produced in the
phreatic zone, or fractures associated with bank-margin failure (Mylroie et al., 1995b).
Blue holes are most often associated with the Bahamas and other simple carbonate
islands. Abaco Island has an abundance of blue holes (Figure 20).

Figure 20. A blue hole on Great Abaco Island.
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Pit Caves
Pit caves (Figure 21) are vadose shafts that result from the gathering of meteoric
water into discrete point inputs in the epikarst (Mylroie and Carew, 1995). Pit caves are
characterized by their near vertical or stairstep profiles, vertical grooves on the walls, and
the absence of curvilinear dissolution surfaces that are characteristic of phreatic
conditions (Mylroie and Carew, 1995). Pit caves commonly have a well-developed
system of feeder tubes within the epikarst that deliver water to the pit (Moore et al.,
2002). The active lifetime of a pit cave is relatively brief as its development is
interrupted by the formation of newer pits upstream that pirate its recharge (Mylroie and
Carew, 1995). The end members of this process are areas of high pit density called pit
complexes, which represent the accumulated pit cave development and subsequent
abandonment over time (Mylroie and Carew, 1995). Pit caves in these complexes can
occur at densities of over 100 per km2 (Moore et al., 2002).
Pit caves in the Bahamas occur as both simple vertical shafts and complex
features resembling solution chimneys (Moore et al., 2002). These more complex pits
alternate between angled reaches developed along the foreset beds, and direct vertical
reaches, forming a stair step profile. The ability of foreset beds to control flow paths is
interesting considering the high porosity (up to 40%) of the eolian deposits in which the
shafts are formed (Moore et al., 2002). Pit caves rarely exceed 10 m in depth but may
connect with other pits to form horizontal extents of up to 50 m (Moore et al., 2002). On
Abaco and other Bahamian Islands, pit caves are well developed in Pleistocene eolianite
ridges, suggesting a fast rate of formation.
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Figure 21. A pit cave on Great Abaco Island (Credit: John Mylroie).
Banana Holes
The definitive work on banana holes was conducted by Harris et al. (1995) on San
Salvador Island. The following description is a summary of that work. Banana holes
(Figure 22) are ovoid depressions that can be up to 5 m deep and 10 m wide. They are
found throughout the Bahamas in the low plain 1 to 6 m above sea level that is made up
of intertidal and subtidal deposits from OIS 5e. Banana holes commonly have vertical or
overhung walls, phreatic dissolutional morphology, and may have intact or nearly intact
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roofs. Banana holes are so named because bananas and other specialty crops are often
grown in the thick, rich soils that accumulate within them.

Figure 22. A banana hole on San Salvador Island (Credit: John Mylroie).
Banana holes are the result of shallow-phreatic dissolution at the top of the freshwater lens away from the lens margin. Dissolution at the top of the fresh-water lens is
enhanced due to the mixing of vadose and phreatic waters. Their elevation above current
sea level supports formation in association with the +6 m OIS 5e highstand (ca. 125,000
years ago). As sea level fell at the end of the highstand, a thin freshwater lens developed
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in the OIS 5e deposits, allowing for the formation of a large number of shallow voids.
Banana holes become expressed at the surface due to partial or total collapse of their thin
roofs. Thus their expression is limited to low-lying areas. Once the void is opened to the
surface, the floor can become modified by vadose waters that often have a high CO2
content from interaction with the organic matter that collects in the chamber.
Flank Margin Caves
Some of the most interesting and important caves that form in the Bahamas are
flank margin caves (Figure 23). Flank margin caves form from mixing dissolution at the
margin of the fresh water lens, under the flank of the enclosing landmass (Mylroie and
Carew, 1990). The margin of the lens is an area of especially high carbonate removal as
the mixing zones that develop at both the top and bottom of the freshwater lens combine
as the lens thins to its discharge point. Also, as the lens thins and cross sectional area
decreases, flow velocity increases (Q = VA), allowing for further dissolution (Raeisi and
Mylroie, 1995). Because the margin of the lens is concordant with sea level, flank
margin caves mark the position of sea level during their formation (Carew and Mylroie,
1995a).
Flank margin caves are hypogenic (Palmer, 1991). They form as complex mixing
chambers, not conduits for underground drainage. As such, they commonly form with no
surface openings, though entrances may later be created when erosional retreat of the
island flank intersects the cave. Their shape is globular, with an extended horizontal
dimension and limited vertical development (Figure 24). As dissolution continues
overtime, individual voids may intersect, creating larger caves (Figure 25). The joining
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of chambers creates characteristic cave patterns, with small connections between larger
chambers. Passages often radiate outward from the main chambers but end abruptly in
bedrock walls. The walls and ceilings exhibit large dissolutional cusps, evidence of their
phreatic formation (Figure 26).

Figure 23. A typical flank margin cave, Sitting Duck Cave, Little Harbour, Great Abaco
Island. The column in the center of the photograph is about 6 m tall.
The majority of flank margin caves that are currently exposed in the Bahamas
have dissolutional ceilings between +1 m to +7 m, which is consistent with formation in a
freshwater lens elevated by the +6 m OIS 5e highstand that occurred approximately 125
ka (Carew and Mylroie, 1995a). This evidence, combined with a lack of speleothems age
dates greater than 100,000 years, suggests that all flank margin caves currently exposed
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in the Bahamas were all formed during the OIS 5e highstand, and accounts for reported
isostatic subsidence of the archipelago of 1-2 m per 100,000 years (Carew and Mylroie,
1995a).

Figure 24. Map of Beach Cave, San Salvador Island, Bahamas.
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Figure 25. Porosity development in the fresh water lens at small and large scales (from
Roth, 2004).

Figure 26. A phreatic dissolutional ceiling in a flank margin cave, Little Harbour, Great
Abaco Island.
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Cone Karst
The presence of residual limestone hills is well documented in tropical localities
around the world (Ford and Williams, 1989; Jennings, 1985). Some of the best known
include China (Figure 27), Malaysia (Figure 28) Jamaica, New Guinea, Java, Puerto
Rico, and the Philippines. These landscapes are often referred to as tower karst or cone
karst, depending upon the shape of the residual landforms. Though cone and tower karst
are abundant on other carbonate islands, they have never been documented in the
Bahamas.

Figure 27. Cone karst in Guizhou, China (from Lowe and Waltham, 1995).
On Abaco Island there are some interesting landforms that bear a striking
resemblance to tropical cone karst. These hills are roughly symmetrical in shape, and
appear to be formed from the dissection of an eolianite ridge (Figure 29). One slope of
the hill follows the dip of the windward backslope of the dune while the other slopes are
formed by truncation of foreset beds to form a nearly symmetrical cone (Figure 30).
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Figure 28. Tower karst in Perlis, West Malaysia. The towers rise 360 m from the
surrounding alluvial plain (from Jennings, 1971).
Cone and tower karst in other localities, such as China, have also been known to
cut across geologic structure, suggesting that the conical form is more dependent on
weathering processes than structural controls (White, 1990). This is also the case on
Abaco, where the foreset beds are often truncated. Cone and tower karst are often known
to exist in close proximity to one another. This implies that the differences between the
two are functions of local processes and are not of regional significance (White, 1990).
The shape of the hills on Abaco is most similar to cone karst found in Puerto Rico and the
Philippines and that is why these landforms will be called cones and not towers (Figure
31). Unlike cockpit or polygonal karst, these hills are not simply the high points between
well-developed sinkholes (Figure 32). The land surrounding them is a low, relatively flat
plain (Figure 31).
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Figure 29. Top: Topographic map of Great Abaco Island showing the presence of cone
karst landforms from a dissected eolianite ridge (Department of Lands and
Surveys, 1975). Bottom: Map of Abaco Island showing the location of the
cone karst landforms.
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The presence of such landforms in other localities has been attributed to incision
of a thick, limestone plateau by stream action as the landscape adjusts to base level (Ford
and Williams, 1989; White, 1990). Changing base levels are often preserved within the
landscape as abandoned caves exposed in the hillsides and terraces on the plateau
(Gillieson, 1996; White, 1988). Adjustment to base level results in doline development
downward at a rate comparable to doline widening (Figure 32), leaving residual hills that
often take on a cone or tower shape (White, 1988; 1990). As such, the presence of cones
on Abaco, where there are no surface streams or limestone plateaus, is problematic.
Residual limestone hills have also been described as forming from corrosion of
the surrounding landscape, in which denudation takes place almost entirely by dissolution
(Ford and Williams, 1989). Lowering of the surface continues until base level is reached.
This implies a large amount of subaerial dissolution in the absence of mechanical
processes over a long period of time. The eolianites forming the hills on Abaco, though,
are much too young in age (Mid to Late Pleistocene) for a well-developed corrosion plain
to have formed.
The high amount of weathering of the limestone due to these processes has
resulted in a surface of loose rock (Figures 31, 33, and 34) covering the plain around the
hills that workers on Abaco have called felsenmeer (sea of stones) due to its similarity to
arctic and alpine block fields (Neuendorf et al., 2005). On the plains, this weathered rock
cannot be transported and becomes part of a stony soil profile on an epikarst surface.
Overall, these hills show a strikingly unique modification of a geologically young
limestone ridge, in a limited amount of time, into landforms that are similar to those
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arising from apparently different karst processes elsewhere. The presence of these
landforms has interesting implications and may provide new insight into our
understanding of the karst processes working on other limestone landscapes.

Figure 30. Climbing beds forming the windward slope of a cone hill (Credit: John
Mylroie).
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Figure 31. A symmetrical cone, notice also the felsenmeer surface in the foreground as
indicated by the arrow (Credit: John Mylroie).

Figure 32. Evolution of tropical cockpits (from Lehmann, 1936).
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Figure 33. The felsenmeer surface in the cone karst study area, Great Abaco Island
(Credit: Kevin Toepke).
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Figure 34. Close-up of the felsenmeer surface, cone karst study area, Great Abaco Island
(Credit: Kevin Toepke).

CHAPTER IV
METHODOLOGY
Field Investigation
Preliminary fieldwork, focused mainly on locating caves and important geologic
outcrops, was conducted March 11th to 20th, 2005. That trip also allowed for initial
investigation of the cone karst landforms and other karst features of Abaco, including
karren, blue holes, pit caves, and banana holes. The remainder of the fieldwork was
completed from May 15th to June 15th and consisted of mapping of all known flank
margin caves, documentation of other karst features, mapping and description of the high
caves (i.e. those above +7 m), classification of geologic outcrops based on the
stratigraphy of Carew and Mylroie (1995b; 1995c; and 1997), collection of samples for
thin sections, and characterization of the cone karst landforms. The Friends of the
Environment organization in Marsh Harbor, Abaco, assisted with local logistical support.
The permit to conduct the research was secured through the Bahamian government.
Cave Mapping
Caves were surveyed using a compass, inclinometer, tape, and sketchbook,
following the guidelines of the National Speleological Society (NSS) outlined in Dasher
(1994). Survey data were entered into COMPASS software for reduction and line plot
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generation. Maps were drafted in Corel Xara X 1.0 using the line plots, field sketches,
and the AMCS Standard Cave Map Symbols (Sprouse 1991) (Figure 35). The area and
perimeter of each cave was computed using AutoCAD software.

Figure 35. AMCS Standard Cave Map Symbols (from Sprouse, 1991).
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Karst Features
The GPS locations and presence of karst features such as karren, blue holes,
banana holes and pit caves were documented as part of the karst inventory of Abaco.
Their morphology and origin is not greatly emphasized in this study, however, as they
have been thoroughly described by other workers (Harris et al., 1995; Mylroie and
Carew, 1995; Mylroie et al., 1995b; Taborosi et al., 2004) and they are not central to the
main goals of this project.
Geology
Field investigation of important geologic outcrops included classification based
on the stratigraphy of Carew and Mylroie (1997), sketches and stratigraphic sections of
representative outcrops, and sample collection for thin section analysis. Stratigraphic
classification was conducted based on field relationships of outcrops, the presence or
absence of terra rosa paleosols, and internal characteristics such as vegemorph
development. Sketches and stratigraphic sections allowed for a reconstruction of events
that led to the deposition of the outcrop. Thin sections were used to understand the
variations in porosity and composition of deposits and helped in both the stratigraphic
classification and description of the geologic evolution of the outcrop. Very little
previous geologic work on subaerial deposits had been conducted on Abaco and
comprehensive mapping and description of the island was beyond the primary goals of
this study. The purpose of this work was to provide base-line information that will serve
as a starting point for later, more detailed geologic descriptions of the island.
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Cone Karst
The first step in the study of the cone karst landforms was to quantify their
dimensions so that they can be better compared to other cone karst landscapes around the
world. This was done by making basic height and slope measurements of 31 cones,
paying special attention to identifying the extent of their symmetry. Heights were
measured using a Suunto inclinometer and tape measure. Slope angles were measured in
all four cardinal directions also using a Suunto inclinometer. Slope measurements were
not taken where a cone had been artificially cliffed (such as at a road cut), or had not
been fully separated from a neighboring cone. Each cone was assigned a letter (A-EE) to
distinguish it from other cones. Each cone was also noted as formed from part of a large
main ridge, or a smaller secondary spur ridge.
The orientation and dip of preserved backslope stratification and foresets were
noted to relate the primary dune structure to the resulting hill shape. The spatial
arrangement of the hills was mapped with a GPS unit in order to gain a better
understanding of the processes that took place during the hypothesized dissection of the
ridge from which they are believed to have formed. Because the presence of flank
margin caves would provide evidence of previous base levels, special care was taken to
locate flank margin caves in the study area. The absence of flank margin caves could be
an indication of the degree of hillside erosion, or evidence that the eolianites forming the
hills are too young for cave development. Samples of the eolianite were collected to be
made into thin sections so that the diagenesis of the ridge could be understood as it may
have implications for the formation of these landforms.
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High Cave Elevations
Along the southern coast of Abaco Island, just west of Hole-in-the-Wall, caves
that appeared to be flank margin in origin were discovered in a paleo-seacliff. Initial
estimation of the elevations of these caves placed them at 10-15 m above modern sea
level. The presence of caves at such high elevations on Abaco that appeared to be flank
margin caves is both interesting and problematic as flank margin caves in the Bahamas
are all believed to have formed during the +6 m OIS 5e highstand (Carew and Mylroie,
1995a).
The implications of these caves required a thorough investigation, particularly
accurate measurement of their elevations. Usually, measurement of the elevation of
objects can be obtained by measuring the angle to that object from the ground, then
taking a measurement of the straight-line distance from that object to the same point from
which the angle was measured. The sine of the angle multiplied times the straight-line
distance will give the elevation. Unfortunately, the location of these caves in an isolated
area with thick vegetation made obtaining accurate straight-line distances extremely
difficult.
To solve this problem a method was devised by which the straight-line distance
itself could be determined through the use of trigonometry and a Suunto tandem
compass/inclinometer. First, a point was chosen from which the cave was easily visible.
The azimuth to the cave was measured from this point using the compass. A second
point was then selected at a distance of approximately 20 meters, and an angle of 90
degrees from the first point (Figure 36). This forms a right triangle in the horizontal
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plane with one leg from the cave to the first point, the second leg from the first point to
the second, and the hypotenuse from the second point to the cave. The distance between
the two points was accurately measured. From the second point the azimuth to the cave
is measured with the compass. This azimuth and the azimuth to the cave from the first
point can be used to resolve the angle of the triangle between the second leg and the
hypotenuse. The tangent of this angle times the distance between the two points give the
distance from the first point to the cave (Figure 36).
The vertical angle from the first point to the cave can then be measured using the
inclinometer. The tangent of this angle times the distance to the cave determined from
the first problem will give the elevation of the cave above the first point (Figure 36). The
elevation above sea level is determined by choosing a point at sea level that can be seen
from the first point. The distance to that point is measured from the first point as well as
the vertical angle with the inclinometer. The sine of the angle times the distance will
give the elevation of the first point above sea level. This is added to the elevation to the
cave to give the total elevation above sea level for the cave.
This method was tested using a cave that was close enough to the coast, and had a
relatively clear path with little vegetation. A path was cleared to the cave to allow
accurate measurement of straight-line distance. The elevation to the cave was measured
by both surveying directly, and the trigonometry method described above. The elevations
measured by each method were within 0.5 m. Thus, it was determined that the new
method would prove to be just as accurate, if not more accurate than directly surveying
due to the thick vegetation and distances to many of the caves.
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In addition to elevation measurements, each cave was physically inspected to
determine its morphology and internal characteristics. Caves that were large enough
were mapped to provide a detailed record of shape and size. During each inspection a
flag was hung from the ceiling of the cave that could easily be seen from the beach
below. These flags were used during the elevation measurements as a fixed point for
each cave.

Figure 36. Schematic of the method used in determining high cave elevations.

CHAPTER V
RESULTS
Flank Margin Cave Maps and Descriptions
A total of seventeen flank margin caves were mapped and described as part of this
study. One other flank margin cave on Abaco, Long Beach Cave, was mapped prior to
this study (Lascu, 2005) and is also included for a total of eighteen flank margin caves.
Flank margin caves that were not mapped due to time constraints were also observed on
Lantern Head on Great Abaco Island, and several outlying cays including Lubber’s
Quarters, Man-O-War Cay, Elbow Cay, Sugarloaf Cay, and many other small unnamed
cays. GPS coordinates of the mapped caves are given in Table 1. The locations of the
caves are shown in Figure 37.
The area and perimeter of each cave was determined using AutoCAD software
(Table 2). By the classification of Roth (2004), small flank margin caves have areas less
than 100 m2, medium flank margin caves have areas between 100 m2 and 1000 m2, and
large flank margin caves have areas greater than 1000 m2. It is important to be aware that
Roth’s (2004) classification is being applied to the current dimensions of the cave. Many
of the caves on Abaco have lost significant amounts of their original size due to erosion,
especially coastal cliff retreat, and thus were much larger upon formation. Symbols used
on the cave maps are shown in Figure 38. Maps of the larger caves of the island, i.e.
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Hole-in-the-Wall Cave, 8-Mile Cave, and Hunter’s Cave, each show a small legend on
the map.
Table 1.

UTM Coordinates of mapped flank margin caves on Abaco Island, Bahamas.
Cave Name
8-Mile Cave
Azimuth Cave
Bellycrawl Cave
Bucket Cave
Cedar Harbour Cave I
Cedar Harbour Cave II
Cedar Harbour Cave III
Cedar Harbour Cave IV
Cedar Harbour Cave V
Dripping Stones Cave
Hole-in-the-Wall Cave
Hunter's Cave
Little Bay Cave 1
Little Bay Cave 2
Little Bay Cave 3
Long Beach Cave
Manchineal Cave
Sitting Duck Cave

UTM Coordinates
18R: E 0280147 N 2875437
18R: E 0300146 N 2913135
18R: E 0250044 N 2973925
18R: E 0250103 N 2973857
18R: E 0233689 N2978353
18R: E 0233639 N 2978357
18R: E 0233553 N 2978367
18R: E 0233430 N 2978397
18R: E 0233238 N 2978472
18R: E 0299953 N 2912263
18R: E 0280486 N 2861838
18R: E 0299767 N 2912228
18R: E 0280902 N 2863575
18R: E 0280864 N 2863604
18R: E 0280867 N 2863693
18R: E 0281202 N 2893542
18R: E 0300145 N 2913206
18R: E 0300148 N 2913060

When possible, the elevations of the flank margin caves were also measured
relative to sea level. Some caves were located much too far inland to use sea level as a
reference point, so their approximate elevations were determined by plotting on
topographic maps. Of the flank margin caves of Abaco, all are located between 1 and 7
m above modern sea level except one. This special case will be discussed below. Cave
descriptions are arranged by location, starting in the north on Little Abaco Island, and
proceeding southward to the southern tip of Great Abaco Island. It should be noted that
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many of the caves described below are on private property. No private cave on Abaco
should be entered without the expressed permission of the owners.

Figure 37. Landsat image showing locations of flank margin caves on Abaco Island,
Bahamas. Blue represents land, yellow-brown represents shallow water, and
purple represents deep water.
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Table 2.

Areas and perimeters of mapped flank margin caves on Abaco Island,
Bahamas.
2

Cave

Area (m )

Perimeter (m)

8-Mile
Azimuth
Bellycrawl
Bucket
Cedar Harbour I
Cedar Harbour II
Cedar Harbour III
Cedar Harbour IV
Cedar Harbour V
Dripping Stones
Hole-in-the-Wall
Hunter's
Little Bay I
Little Bay II
Little Bay III
Long Beach
Manchineal
Sitting Duck

919
164
23
21
133
67
43
153
62
71
3422
214
68
156
40
428
186
185

692
73
29
38
67
45
40
80
59
51
1941
316
58
60
35
386
71
83
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Figure 38. Map Symbols used for Abaco Island cave maps.
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The Cedar Harbour Caves
Cedar Harbour Cave I
Cedar Harbour Cave I (Figure 39) is the easternmost of the Cedar Harbour Caves
and is located on the north coast of Little Abaco Island west of the town of Cedar
Harbour (Figures 37 and 40). It is a medium cave by Roth’s (2004) classification (Table
2). This cave has abundant, weathered speleothems, some of which have been displaced
from their original position. It also has several stalactiflats. Stalactiflats are formed
when the floor material under a speleothem, commonly sediment, is removed by
erosional processes, leaving the speleothem hanging in space above the new floor level.
This process is common in the Cedar Harbour Caves due to their position on the coast
and exposure to wave energy. Debris such as seaweed and driftwood is direct evidence
that modern storm waves directly enter the cave.
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Figure 39. Map of Cedar Harbour Cave I, Little Abaco Island, Bahamas.
Cedar Harbour Cave I has seven entrances (Figure 41). Multiple entrances are
common in the other Cedar Harbour caves also. Roots from surface plants, particularly
ficus trees, often enter the cave through the entrances or smaller openings in the rock.
This cave has a breccia formed from the enclosing dune in a white matrix cemented to the
outer wall of the cave. There is also a patchy red paleosol on the floor that contains
abundant shell material and vegemorphs. A white owl lives in a small upper passage
(Figure 42) and bats occupy a bell hole.
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Figure 40. Landsat image showing the locations of the Cedar Harbour Caves—Cedar
Harbour Cave I, II, III, IV, and V.
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Figure 41. Multiple entrances of Cedar Harbour Cave I (Credit: John Mylroie).
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Figure 42. White owl in Cedar Harbour Cave I (Credit: John Mylroie).
Cedar Harbour Cave II
Cedar Harbour Cave II (figure 43) is the smallest of the Cedar Harbour Caves and
is located on the north coast of Little Abaco Island west of the town of Cedar Harbour
and west of Cedar Harbour Cave I (Figures 37 and 40). It is a small cave by Roth’s
(2004) classification (Table 2). It is made up of one large chamber and a small passage
near the front of the cave on the west side (Figure 44). The main entrance is very large
and opens to the coast (Figure 45), making the cave highly exposed to the coastal
elements. There are two other entrances, one off the small west passage, opening to the
coast, and the other in the ceiling near the back of the cave formed from intersection of
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the ground surface with the cave ceiling. The cave has abundant breakdown and organic
debris. There are several bell holes and stalactiflats.

Figure 43. Map of Cedar Harbour Cave II, Little Abaco Island, Bahamas.

74

Figure 44. The large main chamber of Cedar Harbour Cave II (Credit: John Mylroie).

Figure 45. The main entrance of Cedar Harbour Cave II.
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The same red paleosol that is present in Cedar Harbour Cave I is also present in
Cedar Harbour Cave II and is better preserved. This paleosol has abundant vegemorphs
and shell material (Figures 46-48). The paleosol is limited to the cave and cannot be
traced along the coastal outcrops, indicating that it is a remnant of a cave fill and not a
true soil horizon. In thin section the paleosol shows a mix of bioclasts, peloids, ooids,
and vegetative material (Figure 49). The cement is a combination of spar and micrite. A
breccia facies is also present in the cave with blocks of eolianite broken up and entombed
in a white shelly sand (Figure 50). This breccia facies is overlain by the red paleosol.

Figure 46. Paleosol in the wall of Cedar Harbour Cave II. Vegemorphs appear to be
modern but are, in fact, calcified.
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Figure 47. Close-up of the paleosol in Cedar Harbour Cave II.

Figure 48. Patch of paleosol on the floor of Cedar Harbour Cave II.
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Figure 49. Photomicrograph of the paleosol in Cedar Harbour Cave II (Magnification
4 x).

Figure 50. Breccia facies in Cedar Harbour Cave II.
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Cedar Harbour Cave III
Cedar Harbour Cave III (Figure 51) is the second smallest of the Cedar Harbour
Caves and is located on the north coast of Little Abaco Island west of the town of Cedar
Harbour and just west of Cedar Harbour Cave II (Figures 37 and 40). It is a small cave
by Roth’s (2004) classification (Table 2). It has two entrances facing the coast (Figure
52) and one in the back from pit cave intersection of the cave. Its morphology is similar
to that of Cedar Harbour Cave II in that it is made up of one main chamber with one
smaller passage towards the back of the cave and is highly exposed to the coastal
environment. The cave has abundant breakdown and organic debris. The same paleosol
that is present in Cedar Harbour Caves I and II is also present here but is not as well
preserved. There are many bell holes and well developed stalactiflats (Figure 53).
Speleothems are sparse and those that are present are inactive. Many speleothems are
also broken.
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Figure 51. Map of Cedar Harbour Cave III, Little Abaco Island, Bahamas.
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Figure 52. Coastal entrances to Cedar Harbour Cave III (Credit: John Mylroie).

Figure 53. Well-developed stalactiflat in the western entrance of Cedar Harbour Cave III.
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Cedar Harbour Cave IV
Cedar Harbour Cave IV (Figure 54) is the largest of the Cedar Harbour Caves and
is located on the north coast of Little Abaco Island west of the town of Cedar Harbour
and just west of Cedar Harbour Cave III (Figures 37 and 40). It is a medium cave by
Roth’s (2004) classification (Table 2). This cave has nine entrances, three from ceiling
intersection, four from pit cave intersection, and two from hillslope intersection. Unlike
Cedar Harbour Caves II and III the coastal entrances are small, probably allowing for
more protection from the coastal environment (Figure 55). Bell holes, speleothems, and
stalactiflats are common. The cave is comprised of one main chamber with a small area
on the western side separated from the main chamber by speleothem growth. Most if not
all of the speleothems are currently inactive. Several trees grow into the cave from the
pit and ceiling entrances.
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Figure 54. Map of Cedar Harbour Cave IV, Little Abaco Island, Bahamas.
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Figure 55. One of the small coastal entrances of Cedar Harbour Cave IV (Credit: John
Mylroie).
Cedar Harbour Cave V
Cedar Harbour Cave V (Figure 56) is the western most of the Cedar Harbour
Caves and is located on the north coast of Little Abaco Island west of the town of Cedar
Harbour (Figures 37 and 40). It is a small cave by Roth’s (2004) classification (Table 2).
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This cave has six entrances, two open to the coast, three in the ceiling, and another in the
side. It is composed of two chambers, one large main chamber and a smaller side
chamber. A breccia facies is also present in this cave, though different from that of the
other Cedar Harbour Caves (Figure 57). Instead of angular blocks in a white shelly sand,
it shows angular blocks in a red paleosol matrix. A subtidal shell facies is found
overlying the eolianites near the cave entrance. Bell holes and stalactiflats are common.
Speleothems are present, but not currently active. Trees grow out of several entrances
and contribute organic matter to the cave floor (Figure 58).

Figure 56. Map of Cedar Harbour Cave V, Little Abaco Island, Bahamas.
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Figure 57. Breccia facies in Cedar Harbour Cave V.
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Figure 58. Main chamber of Cedar Harbour Cave V.
The Cooper’s Town Caves
Bellycrawl Cave
Bellycrawl Cave (Figure 59) is located near Cooper’s Town on the west coast of
Abaco Island (Figure 37 and 60). This is a small cave by Roth’s (2004) classification
(Table 2) with two entrances separated by a bedrock column. A person of average size
can fit into the cave through the left entrance (Figure 61), while only a very small person
could enter through the right entrance (Figure 62). The cave exhibits typical flank
margin morphologies such as dissolutional cusps and bell holes. This cave is problematic
as its elevation was measured at 10 m above current sea level, and current models of
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flank margin cave genesis as described previously show that caves should be located
between 1 and 7 m above modern sea level. Other smaller phreatic pockets are found
nearby at the same elevation.

Figure 59. Map of Bellycrawl Cave, Cooper’s Town, Great Abaco Island, Bahamas.
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Figure 60. Landsat image showing the locations of the Cooper’s Town Caves—
Bellycrawl Cave, and Bucket Cave.

Figure 61. Inside the left entrance of Bellycrawl Cave (Credit: John Mylroie).
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Figure 62. The small right entrance of Bellycrawl Cave (Credit: John Mylroie).
Bucket Cave
Bucket Cave (Figure 63) is located near Cooper’s Town on the west coast of
Great Abaco Island (Figures 37 and 60). It is a small cave by Roth’s (2004) classification
(Table 2). It has three entrances. Two are ceiling skylights from intersection of the cave
with surface, and the third (main entrance) from hillslope erosion (Figure 64). The main
entrance is a narrow passage that opens into a small chamber large enough to stand in
(Figure 65). As this cave is often used by locals for camping and small parties it has
some trash and debris (Figure 66). Most conspicuous was a large bucket for which the
cave is named. Beyond the main passage the cave continues as a narrow passage that
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soon becomes too small for human travel. The cave ceiling has abundant small bell
holes. The eolianite bedding is well preserved with no disruption by vegemorphs.

Figure 63. Map of Bucket Cave, Cooper’s Town, Great Abaco Island, Bahamas.
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Figure 64. The entrance of Bucket Cave (Credit: John Mylroie).

Figure 65. The entrance passage of Bucket Cave opening to the main chamber (Credit:
John Mylroie).
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Figure 66. The main chamber of Bucket Cave (Credit: John Mylroie).
The Little Harbour Caves
Azimuth Cave
Azimuth Cave (Figure 67) is located in Little Harbour on Great Abaco Island
(Figures 37 and 68). It is a medium cave by Roth’s (2004) classification (Table 2). This
cave is a remnant of what was once a much larger cave. The entrance is very large
(Figure 69) and can be easily seen from the other side of the harbor. Much of the
dissolutional smoothing of the walls has been weathered away leaving the eolianite
bedding very prominent. There is still a lower area of the cave that has been largely
protected from exposure and erosion by the copious breakdown on the floor. Here the
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original dissolutional surfaces and bell holes can be seen. This area of the cave is often
used by bats as evidenced by the presence of guano, though none were seen during the
survey. The speleothems remaining in Azimuth cave are old and weathered (Figure 70).
Several have been dislodged from growth position. This cave is best reached by
continuing north around the point from Sitting Duck Cave at low tide.

Figure 67. Map of Azimuth Cave, Little Harbour, Great Abaco Island, Bahamas.
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Figure 68. Landsat image showing the locations of the Little Harbour Caves—Azimuth
Cave, Dripping Stones Cave, Hunter’s Cave, Manchineal Cave, and Sitting
Duck Cave.
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Figure 69. The large entrance of Azimuth Cave (Credit: John Mylroie).

Figure 70. Weathered speleothems in Azimuth Cave.
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Manchineal Cave
Manchineal Cave (Figure 71) is located in Little Harbour on Great Abaco Island
just north of Azimuth Cave (Figures 37 and 68). It is a medium sized cave by Roth’s
(2004) classification (Table 2). Manchineal Cave, like Azimuth Cave and Sitting Duck
Cave, has a high ceiling and a large main entrance facing the harbor and the main part of
the Little Harbour community. They all three may once have been joined to form one
large cave. Another entrance can be accessed through a pit cave that intersects the cave
near the back. A house sits atop the cliff enclosing the cave and the owners have
developed a creative way to access their boat dock on the harbor by using the cave. They
have constructed a spiral staircase in the pit cave entrance (Figures 72 and 73) that
descends to the cave. A boardwalk, complete with electric lighting, can then be followed
through the cave and out the main entrance to the dock. The large front entrance
provides plenty of light allowing for the growth of algae and the alteration of the
numerous large speleothems (Figure 74). Much of the floor of the cave is littered by
large boulder-sized breakdown blocks from the ceiling. This cave is used as shelter by
bats and owls. Bell holes are common.
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Figure 71. Map of Manchineal Cave, Little Harbour, Great Abaco Island, Bahamas.
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Figure 72. The spiral staircase in Manchineal Cave as seen from the boardwalk.

99

Figure 73. Looking up at the spiral staircase through the pit cave entrance (Credit: John
Mylroie).

Figure 74. Large weathered speleothems in Manchineal Cave (Credit: John Mylroie).
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Sitting Duck Cave
Sitting Duck Cave (Figure 75) is located in Little Harbour on Great Abaco Island
(Figures 37 and 68). It is a medium cave by Roth’s (2004) classification (Table 2) and is
the southernmost of the coastal Little Harbour caves. There are three entrances, one large
main entrance facing the harbor (Figure 76), and two in the ceiling. The ceiling entrances
could only be used with the aid of rope. The main entrance area has a large number of
mostly inactive speleothems (Figure 77). The cave was named for two ducks that were
present on the day of the survey. They had come into the cave to drink from a small
rimstone pool near the entrance.
There are two levels to the cave, an upper and a lower. The main lower level is
made up of a large chamber with a high ceiling and smaller chamber in the back of the
cave. The large chamber is very exposed to the coastal environment due to the large
entrance of the cave and has a great deal of boulder-sized breakdown on the floor (Figure
78). It is well lit due to the large, open entrance and the walls and ceiling are green from
algal growth. The smaller back chamber is one of the only dark areas of the cave and is
used by a colony of bats. The upper level of the cave consists of two passages, one that
opens into the large chamber in the lower level, and the other that opens into both the
large chamber and the smaller chamber of the lower level. The upper passages contain
many small, active speleothems. The entire cave has a large number of bell holes (Figure
79).
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Figure 75. Map of Sitting Duck Cave, Little Harbour, Great Abaco Island, Bahamas.

Figure 76. The main entrance of Sitting Duck Cave as seen from the harbor (Credit: John
Mylroie).
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Figure 77. The well-decorated main entrance of Sitting Duck Cave (Credit: John
Mylroie).

Figure 78. The large lower-level chamber in Sitting Duck Cave (Credit: John Mylroie).

103

Figure 79. Bell holes in the algae-covered ceiling of Sitting Duck Cave (Credit: John
Mylroie).
Dripping Stones Cave
Dripping Stones Cave (Figure 80) is located near the community of Little Harbour
on Great Abaco Island (Figures 37 and 68). It is a small cave by Roth’s (2004)
classification (Table 2). The cave is a large wide overhang with ubiquitous speleothems
(stalactites, stalagmites, columns, and flowstone) many of which are still active (Figure
81). The active (dripping) speleothems are the reason for the cave name. Animals such
as birds and wild pigs often come to the cave to drink from the small pools that form at
the base of the stalagmites (Ball, 2005). This water is an important resource on an island
with no surface streams and very few freshwater ponds. The inside of the cave has a dirt
floor with lots of breakdown and broken speleothems interspersed through the maze of
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active speleothems. The cave walls and outside cliffs often have a pinkish to greenish
tint due to algal growth.

Figure 80. Map of Dripping Stones Cave, Little Harbour, Great Abaco Island, Bahamas.
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Figure 81. Line of columns marking the entrance to Dripping Stones Cave. Notice the
pinkish tint to the rocks.
Hunter’s Cave
Hunter’s Cave (Figure 82) is the third largest cave on Abaco and is located near
the community of Little Harbour on Great Abaco Island (Figures 37 and 68). It is a
medium cave by Roth’s (2004) classification (Table 2). It is formed lower in the same
ridge in which Dripping Stones Cave is found, only Hunter’s Cave is on the west side of
the ridge, while Dripping Stones Cave is on the east. Hunter’s Cave has one entrance that
opens into a relatively large chamber (Figure 83) with small crawlways leading off in
nearly every direction back into the ridge (Figure 84). Much of the maze of passages is
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too small to be traveled by humans. This cave is very heavily used by bats, even in the
smaller passages. Hermit crabs, cockroaches, and various other insects also use the cave.
Bell holes and dissolutional surfaces are ubiquitous and well preserved as the cave has
been well protected from the outside elements.

Figure 82. Map of Hunter’s Cave, Little Harbour, Great Abaco Island, Bahamas.
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Figure 83. Main chamber of Hunter’s Cave with smaller passages leading off (Credit:
John Mylroie).

Figure 84. Smaller passage in Hunter’s Cave showing eolianite bedding. Passage height
is 1-1.5 m (Credit: John Mylroie).
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Long Beach Cave
Long Beach Cave (Figure 85) is located in the community of Island Home near
Long Beach on Great Abaco Island (Figure 37). The cave was first described by Lascu
(2005) and the reader is referred to that work for a more detailed discussion of the
speleogenesis of the cave and petrography of the enclosing eolianite. Long Beach Cave
is a medium sized flank margin cave by Roth’s (2004) classification (Table 2). There are
two entrances to the cave, both formed by ceiling intersection. The main entrance
(shown on the map as a collapse with a tree) allows access to the two main areas of the
cave. The area to the north has more breakdown and openings to the surface than the
area to the south. Bats and several types of insects make use of the cave. Long Beach
Cave is moderately decorated with speleothems that sometimes show evidence of etching
(Lascu, 2005). Smaller phreatic pockets are located along the beach itself nearby (Figure
86).
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Figure 85. Map of Long Beach Cave, Great Abaco Island, Bahamas (from Lascu, 2005).
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Figure 86. Small phreatic pocket on Long Beach (Credit: Adam Walker).

8-Mile Cave
8-Mile Cave (Figure 87) is located inland and southwest of Eight Mile Rocks,
from which it takes its name, on Great Abaco Island (Figure 37). It is the second largest
cave on the island at 919 m2 (Table 2), and is a medium cave by Roth’s (2004)
classification (Table 2). There are six known entrances to this cave. The main entrance
is a pit formed from intersection of the surface with the cave ceiling. Much of the
entrance is taken up by a large Ficus tree. The eolianite enclosing the cave has obvious
bedding with some large vegemorphs and well-developed dissolutional cusps.
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Speleothems are sparse except for cave popcorn. Bedrock columns and pendants are
common. Roots commonly intersect the cave from the surface. The cave was home at
the time of the survey to two species of bats, Waterhouse’s big-eared bats (Macrotus
waterhousii) and big brown bats (Eptesicus fuscus).
Most of the cave is comprised of several large interconnecting chambers that are
typical of flank margin caves. The most interesting passage in the cave is a long keyholeshaped passage that leads to the largest entrance to the cave (Figure 88). This entrance is
a large cenote-like pit that contains fresh water. The water is most likely present
throughout the year as is evidenced by the presence of several species of fish. The
keyhole passage can be seen on the cave map (Figure 87) as a long linear passage running
to the north, and then turning abruptly west to the cenote. The keyhole passage exhibits
typical hypogenic characteristics such as dissolutional cusps on the walls, and
spongework. The passage slopes downhill as it heads north until reaching a muddy
depression with some ponded water. This depression is located where the keyhole
passage bends sharply to the west (Figure 87). From here the explorer must climb out of
the depression in order to continue west to the cenote. The keyhole morphology ends as
the passage turns to the northwest just before reaching the cenote and becomes ovoid in
cross-section. A large, obvious crack is present in the ceiling for nearly the entire length
of the keyhole passage, starting near where the passage intersects the main cave, and
ending at the final northwest turn to the cenote.
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Figure 87. Map of 8-Mile Cave, Great Abaco Island.
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Figure 88. The keyhole passage in 8-Mile Cave, Great Abaco Island.
The Little Bay Caves
Little Bay Cave I
Little Bay Cave I (Figure 89) is the southernmost of the Little Bay Caves, which
are located in Little Bay on Great Abaco Island approximately 2.5 km north of Hole-inthe-Wall (Figures 37 and 90). Little Bay Cave I is a small flank margin cave (Figure 91)
by Roth’s (2004) classification (Table 2) that is breached at the bottom by wave action,
forming a sea cave (Figure 92). The entrance is located along a shear cliff and is mostly
blocked by several large boulders that have been detached from the cliff. The boulders
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are covered in flowstone, suggesting that they were once a part of the cave. These
boulders provide some protection from the coastal environment, allowing for the growth
of speleothems (flowstone, columns, stalactites, and popcorn) in the upper part of the
cave (Figure 93). The cave has a deep sand fill in the transition from the upper flank
margin portion to the lower sea cave that forms a steep slope.

Figure 89. Map of Little Bay Cave I, Great Abaco Island, Bahamas.
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Figure 90. Landsat image showing the location of Hole-in-the-Wall Cave and the Little
Bay Caves—I, II, and III..
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Figure 91. The flank margin section of Little Bay Cave I as seen from the sand slope
leading to the sea cave (Credit: John Mylroie).

Figure 92. Sea cave at the bottom of Little Bay Cave I.
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Figure 93. Flowstone in Little Bay Cave I (Credit: John Mylroie).
Little Bay Cave II
Little Bay Cave II (Figure 94) is located in Little Bay on Great Abaco Island just
north of Little Bay Cave I and approximately 2.5 km north of Hole-in-the-Wall (Figures
37 and 90). It is a medium cave by Roth’s (2004) classification (Table 2). The entrance
is partly blocked by large boulders from the enclosing cliff (Figure 95). It is farther from
the shoreline than Little Bay Cave I and most likely only receives wave action during
strong storm events such as hurricanes. The cave is small with a flat sandy floor and a
low ceiling with several bell holes (Figure 96). Numerous active speleothems decorate
the cave as it is well protected from the elements by the breakdown in the entrance
(Figure 97).
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Figure 94. Map of Little Bay Cave II, Great Abaco Island, Bahamas.
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Figure 95. The entrance to Little Bay Cave II (Credit: John Mylroie).

Figure 96. The interior of Little Bay Cave II.
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Figure 97. Speleothems decorating Little Bay Cave II.
Little Bay Cave III
Little Bay Cave III (Figure 98) is located in Little Bay on Great Abaco Island just
north of Little Bay Cave II, approximately 2.5 km north of Hole-in-the-Wall (Figures 37
and 90). It is a small flank margin cave by Roth’s (2004) classification. The entrance of
this cave is almost entirely blocked by breakdown from the enclosing cliff, making it
difficult to see from the beach. The cave is shallow with a flat sand floor and a low
ceiling (Figure 99). There is a bedrock bench along the back wall that rises to meet the
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ceiling. Much like Little Bay Cave II, this cave only receives wave action during storm
events. Some speleothems, especially flowstone, are present.

Figure 98. Map of Little Bay Cave III, Great Abaco Island, Bahamas.
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Figure 99. The interior of Little Bay Cave III showing flowstone on the walls (Credit:
John Mylroie).
Hole-in-the-Wall Cave
Hole-in-the-Wall Cave (Figure 100) is by far the largest cave on Abaco Island and
is a large cave by Roth’s (2004) classification (Table 2). It is located near the Hole-inthe-Wall road about one kilometer from the lighthouse and about 1.5 km from Hole-inthe-Wall (Figures 37 and 90). Hole-in-the-Wall Cave is made up of several large
chambers (Figure 101) and a maze of smaller passages and small low crawlways that
branch from the large chambers in nearly every direction (Figure 102). There are two
main areas of the cave that are linked by only a single small crawlway. This cave has
ubiquitous entrances formed from ceiling, pit cave, and hillslope intersection of the cave.

123
In many cases, one pit to the surface will contain entrances into several separate cave
passages and/or chambers. Organic matter such as twigs, branches and leaves are
common near the entrances. Trees and roots often enter the cave through entrances or
directly through the eolianite. Bell holes, phreatic dissolutional surfaces, and
spongework are common and well preserved. The floor is either bedrock, breakdown,
soft dirt, hard-packed dirt, guano, or some combination of the above. Speleothems are
not especially common, though some areas do have some, including stalactites (Figure
103), stalagmites, soda straws (Figure 104), flowstone, and rimstone dams. The eolianite
bedding is visible in many areas.

Figure 100.

Map of Hole-in-the-Wall Cave, Great Abaco Island, Bahamas.
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Figure 101.

A large chamber in Hole-in-the-Wall Cave.

Figure 102.

A side passage in Hole-in-the-Wall Cave.
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At least three species of bats were using Hole-in-the-Wall Cave during the period
of the survey, big brown bats (Figure 105) (Eptesicus fuscus), Waterhouse’s leaf-nosed
bats (Figure 106), also called Waterhouse’s big-eared bats (Macrotus waterhousii), and
buffy flower bats (Erophylla sezekorni) (Albury, 2005). Other organisms using the cave
include hermit crabs, cockroaches, pseudoscorpions, centipedes, wasps, and spiders.
Other insects, such as gnats, are common in areas used by bats.

Figure 103.

Stalactites in Hole-in-the-Wall Cave.
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Figure 104.

Soda straws in Hole-in-the-Wall Cave.

Figure 105.

Big brown bats in Hole-in-the-Wall Cave.
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Figure 106.

Waterhouse’s leaf-nosed bats in Hole-in-the-Wall Cave.
High Cave Maps and Descriptions

The high caves of Abaco are located on the southernmost shore of Great Abaco
Island between 3 and 4 km west of Hole-in-the-Wall (Table 3, Table 4, and Figure 107).
A total of 14 caves were located and investigated with elevations between 10 and 23 m
(Table 4). The caves have been named the PITA Caves and were designated with a letter
name (A-N) with cave A being the farthest west and cave N the farthest east (Figure
107).
As a group the PITA Caves are characterized by their small dimensions (Table 5).
The walls and ceilings have rough surfaces. There is no evidence of phreatic
dissolutional features such as cusps or bell holes. Most speleothems that are present
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seem to be typical of those that grow in more exposed environments such as cliff
recesses, though some are harder, more crystalline varieties that are more typical of
closed cave environments. Of the 14 caves present in the area, five of the larger caves
(A-E) were surveyed. The remaining caves (F-N) were not surveyed due to their small
dimensions.
Table 3.

UTM coordinates of the high PITA Caves, Abaco Island, Bahamas.
PITA Cave
A
B
C
D
E
F-J
K
L
M
N

Table 4.

UTM Coordinates
18R: E 0279053
18R: E 0279072
18R: E 0279076
18R: E 0279120
18R: E 0279151
18R: E 0279201
18R: E 0279220
18R: E 0279255
18R: E 0279284
18R: E 0279347

N 2860545
N 2860547
N 2860545
N 2860534
N 2860558
N 2860583
N 2860655
N 2860667
N2860690
N 2860718

Elevations of the high PITA Caves, Abaco Island, Bahamas.
PITA
Cave

Elevation
(m)

A
B
C
D
E
F
G
H
I
J
K
L
M
N

22.5
21.5
18.7
19.9
14.5
17.9
18.0
20.9
17.7
10.8
18.8
14.1
20.3
17.4
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Figure 107.
Table 5.

Landsat image showing the locations of the high PITA Caves—A-N.

Areas and perimeters of PITA Caves A-E, Abaco Island, Bahamas.
2

Cave

Area (m )

Perimeter (m)

PITA A
PITA B
PITA C
PITA D
PITA E

27
42
50
70
28

31
27
33
63
28

PITA Cave A
PITA Cave A (Figure 108) is the farthest west of the PITA Caves (Figure 107)
and also the highest (Figure 109), with an elevation of 22.5 meters (Table 4). This cave
is the smallest of the mapped PITA Caves (Table 5). It is composed of two intersecting
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chambers separated by a bedrock column. A cobble-sized piece of coral of unknown age
was found in this cave (Figure 110). The eolianite enclosing the cave has numerous
vegemorphs. The floor is sandy near the front of the cave with a bedrock bench along the
back wall. There are lots of breakdown blocks, especially near the entrance (Figure 111).

Figure 108.

Map of PITA Cave A, Great Abaco Island, Bahamas.
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Figure 109.

The view from PITA Cave A, the highest of the PITA Caves at 22.5 m.

Figure 110.

Cobble-sized coral fragment in PITA Cave A.
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Figure 111.

Inside PITA Cave A.
PITA Cave B

PITA Cave B (Figure 112) is located immediately adjacent to the eastern side of
PITA Cave A (Figure 107). It is the second highest of the PITA Caves at 21.5 m (Table
4). Its morphology is very similar to PITA Cave A, only it is less linear in extent. The
floor is flat and covered with sand and breakdown blocks (Figure 113), with a bedrock
bench along the back wall. The ceiling and walls are rough and irregular.
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Figure 112.

Map of PITA Cave B, Great Abaco Island, Bahamas.
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Figure 113.

Inside PITA Cave B.
PITA Cave C

PITA Cave C (Figure 114) is located east of PITA Cave B (Figure 107). It is a
long, shallow cave with a very flat bedrock floor (Figure 115). PITA Cave C is the
second largest of the PITA Caves (Table 5). There is less breakdown here than in caves
A and B. The ceiling and walls are rough and irregular. A boulder-sized piece of coral
of unknown age was also found in this cave as indicated on the cave map (Figure 114).
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Figure 114.

Map of PITA Cave C, Great Abaco Island, Bahamas.

Figure 115.

Inside PITA Cave C.
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PITA Cave D
PITA Cave D (Figure 116) is located east of PITA Cave C (Figure 107). It is the
largest of the PITA Caves (Table 5) and has an elevation of 19.9 m (Table 4). Like PITA
Cave A it is formed from two intersecting chambers separated by a bedrock column.
PITA Cave D is different from the other PITA Caves in several ways. For example, the
east chamber extends back into the dune ridge for several meters, while the other caves
are much shallower. Also, abundant, active, crystalline speleothems are present (Figure
117). There is even a stalactiflat that resembles those seen in the Cedar Harbour Caves.
This cave is hard to see from the coast due to a large amount of boulder-sized talus from
the cliff that partially blocks the entrances, which likely protected the cave from the
coastal elements and allowed for the growth of crystalline speleothems.
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Figure 116.

Map of PITA Cave D, Great Abaco Island, Bahamas.
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Figure 117.

Abundant speleothems in PITA Cave D.
PITA Cave E

PITA Cave E (Figure 118) is located immediately adjacent and east of PITA Cave
D (Figure 107), though its elevation is lower at 14.5 m (Table 4). While it is not as deep
as PITA Cave D, it is the second deepest of the PITA Caves. It is also the second
smallest of the PITA caves (Table 5). The floor is covered in a pinkish sand. Breakdown
is present but is smaller and not as ubiquitous as in other caves (Figure 119). The walls
and ceiling are rough and irregular. The cave walls show an abundance of vegemorphs in
the eolianite. Small, active soda straws are present on the ceiling. A small vadose tube
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intersects the cave near the back and may deliver water flow to the cave during rainfall
events.

Figure 118.

Map of PITA Cave E, Great Abaco Island, Bahamas.
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Figure 119.

The entrance of PITA Cave E.
PITA Caves F-N

PITA Caves F-N were not surveyed due to their small dimensions and time
constraints. They are simply smaller examples of caves A-E described above. They have
rough, irregular walls and ceilings and no speleothems (Figure 120). Caves F-J are
located in a cluster at various elevations on the same rocky promontory of the ridge
(Figure 121). PITA Cave J is the lowest of the PITA Caves at 10.8 m (Table 4). Caves
K-N are located as individual recesses at various elevations (Tables 3 and 4) east of the
F-J complex (Figure 107).
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Figure 120.

Inside PITA Cave J, the lowest of the PITA Caves at 10.8 m.
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Figure 121.

Pita Caves F-J as seen from the beach, notice the various elevations of the
entrances.
Cone Karst

Thirty-one cone karst landforms (labeled A-EE) were characterized as part of this
study (Figure 122 and Table 6). The cones range in height from 2-22 m above the
surrounding land surface, with a mean height of 11.19 m (Table 6). The east slopes of
the cones were usually the gentlest with an average slope of 13.57° (Table 6). The west
slopes were generally the steepest with an average slope of 25.73° (Table 6). The north
and south slopes had similar average slopes of 21.26° and 21.25° respectively (Table 6).
The cones can be divided into two populations. One consisting of cones dissected
from a large, main ridge that trends generally N-S, and the other of cones dissected from
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smaller ridges oblique to the main ridge trending NE to SW (Figure 122). The 19 cones
of the first population are characterized in table 6 as main, and the 12 from the second
population as spur. Cones formed from the main ridge are generally larger with a mean
height of 14 m (Table 7), while those from the spur population are smaller with a mean
height of 6.74 m (Table 8). The main ridge cones have slopes that are generally steepest
on the west and gentlest on the east (Table 7). The spur ridge cones have slopes that are
gentlest on the east, but do not show a side that is dominantly steeper (Table 8).

Figure 122.

Locations of cones in the cone karst study area, Great Abaco Island,
Bahamas.
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Table 6.

Cone karst landform characterization data.

Cone

Height
(m)

N Slope °

S Slope °

E Slope °

W Slope °

A

8.2

31

32

11

Spur

B

5.8

17

N/A

C

7.2

19

8

21

Spur

D

6.1

15

34

Main

E
F

22
18.4

29
31
29
N/A

21
23
30
29
24

29
40
27

26
N/A

17
14

Main
Main

G
H
I
J
K
L
M
N
O
P
Q

15.7
13.8
21.4
19.1
19
6
14.1
17.4
15.5
9.5
12.9

N/A
16
24
27
12
14
30
29
N/A
22
26

22
26
18
23
27
15
12
31
26
19
24

14.5
13
20
16
10
17
13
N/A
15
10
11

R
S
T
U
V
W

12.5
7.5
10
9.9
10.6
12.7

N/A
13
15
39
32
N/A

24
10
23
8
11
25

11
29
10
19
9
22

X
Y
Z
AA
BB
CC
DD
EE

18.7
3.6
3.4
7.6
5
2.1
7.1
4.1

12
16
13
21
9
11
18
19

21
15
9
35
24
20
12
15

10
14
10
10
15
9
10
11

30
29
29
30
32
33
32
32
32
33
28
30
21
27
31
28.5
25
29
26
18
28
25
26
10
11
8
10
16
20
20

11.19

21.26

21.25

13.57

25.73

Mean

Main or
Spur
Spur

Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Spur
Spur
Spur
Spur
Main
Main
Spur
Spur
Spur
Spur
Spur
Main
Main
N/A
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Table 7.

Main ridge cones.

Cone

Height (m)

N Slope°

S Slope°

E Slope °

W Slope°

D

6.1

24

15

34

E
F

22
18.4

29
31
29
N/A

26
N/A

17
14

G
H
I
J
K
L
M
N
O
P
Q

15.7
13.8
21.4
19.1
19
6
14.1
17.4
15.5
9.5
12.9

N/A
16
24
27
12
14
30
29
N/A
22
26

22
26
18
23
27
15
12
31
26
19
24

14.5
13
20
16
10
17
13
N/A
15
10
11

R
W

12.5
12.7

N/A
N/A

24
25

11
22

X
DD
EE

18.7
7.1
4.1

12
18
19

21
12
15

10
10
11

30
29
29
30
32
33
32
32
32
33
28
30
21
27
31
28.5
28
25
26
20
20

14.00

22.53

21.67

13.86

28.66

Mean

Main ridge cones show foreset beds dipping to the west, and backslope
stratification dipping to the east. The east-facing slope of the main ridge cones generally
follows the dip of the original backslope stratification (Figure 28, Chapter III), while the
west facing slopes are not as steep as the original slip-face of the dune. Thus, the foreset
beds are truncated to form the west facing slopes of the main ridge cones (Figure 123).
Spur ridge cones show foreset beds dipping generally to the southeast. The current
southeast slope of the cone is not as steep as the original slip-face of the dune. Thus, the
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foreset beds are truncated to form the southeast slopes of the spur ridge cones. The
northwest slopes of the spur ridge cones follow the dip of the original backslope
stratification of the dune ridge.
Table 8.

Spur ridge cones.

Cone

Height (m)

N Slope°

S Slope°

E Slope°

W Slope°

A

8.2

31

32

11

B

5.8

17

N/A

C

7.2

19

8

21

S
T
U
V
Y
Z
AA
BB
CC

7.5
10
9.9
10.6
3.6
3.4
7.6
5
2.1

13
15
39
32
16
13
21
9
11

21
23
30
29
10
23
8
11
15
9
35
24
20

29
40
27

29
10
19
9
14
10
10
15
9

25
29
26
18
10
11
8
10
16

6.74

19.67

20.71

13.09

20.77

Mean
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Figure 123.

Truncated foreset beds on the western slope of a main ridge cone (Credit:
Adam Walker).
Other Karst Features

Karst features on Abaco other than flank margin caves and cone karst include
karren, blue holes, pit caves, and banana holes. Karren features are present on nearly
every limestone surface on Abaco (Figure 124) and are especially pronounced on
exposed coastal outcrops due to the interaction of both meteoric and marine dissolutional
processes (Figure 125). The high primary porosity of the young limestones on Abaco
produce typical eogenetic karren forms of sharp pinnacles separated by densely packed
solution pits.
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Figure 124.

Karren on an exposed bedrock surface, Cedar Harbour, Little Abaco
Island (Credit: John Mylroie).
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Figure 125.

Coastal karren, Man-O-War Cay, Abaco (Credit: John Mylroie).

Blue holes are common on Abaco and several were investigated as part of this
study (Figure 126). No blue hole locations will be given in this document as those from
whom the information was obtained are careful to protect blue holes on the island and do
not advocate publication of blue hole locations.
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Figure 126.

A small blue hole, Little Harbour, Great Abaco Island.

Pit caves and solution pits are extremely common on Abaco. Some locations,
such as the cone karst study area, have particularly high solution pit densities, though
most of these are too small for human exploration. Solution pits are of particular interest
on Abaco as they provide nest sites for the endangered Bahama parrot (Amazona
leucocephala bahamensis). Bahama parrots used to be found throughout the Bahamas,
but now only inhabit Abaco and Great Inagua Island. Bahama parrots on Great Inagua
Island are tree nesters. The Abaco parrot population is particularly interesting as it is the
only known species of ground nesting parrot in the world, making use of the ubiquitous
solution pits on the bedrock surface as nest sites. The parrots nest primarily in Abaco
National Park on the south end of the island.
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Pit caves, or solution pits large enough for human exploration, are numerous in
several locations, including the Hole-in-the-Wall area on the south side of the island.
Only one pit cave, Blowhole Cave (Figure 127), was mapped as part of this study since
pit caves have been thoroughly covered by other workers (Mylroie and Carew, 1995; and
Moore et al., 2002). Blowhole Cave is located near Hole-in-the-Wall on the southern
coast of Abaco Island: UTM 18R: E 0281320 N 2861799 (Figure 128). It is particularly
interesting as it has intersected a sea cave and now operates as a blowhole, thus the name.
Each time a wave breaks into the sea cave below, Blowhole Cave goes dark. The sound
of the wave is funneled through the cave along with a strong burst of air, spray, and sand.

Figure 127.

Map of Blowhole Cave, Great Abaco Island, Bahamas.

152

Figure 128.

Landsat image showing the location of Blowhole Cave.
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The cave entrance is found on the same headland as the sea arch known as Holein-the-Wall (Figures 129 and 130). From the entrance the cave proceeds down a 35degree slope, following the dip of the eolianite foreset beds. At the bottom of the slope a
small crawlway continues to the southeast and ends in a steep drop into the sea cave
below, where the waves can be seen breaking.

Figure 129.

Headland containing Hole-in-the-Wall and Blowhole Cave, as seen from
the lighthouse.
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Figure 130.

The entrance to Blowhole Cave.

Only one banana hole was investigated as part of this study. This banana hole is
rather large (Figure 131) and is located along the trail to 8-Mile Cave: UTM 18R E
0280015; N 2874631. There are most likely others in the area. Numerous banana holes
can also be found along the Great Abaco Highway between Marsh Harbour and Sandy
Point. They are easily recognizable from the road by the change in vegetation from pine
forest on the surrounding land surface to coppice-type vegetation growing in the moist
environment of the banana hole.

155

Figure 131.

A large banana hole on the 8-Mile Cave trail, Great Abaco Island (Credit:
Adam Walker).
Geology

The geology of Abaco was investigated in each of the areas in which cave and
karst work was conducted, and any other areas that were visited where outcrops were
available. This study was limited to subaerial, surface exposures; no subsurface or
subaqueous work was conducted. Most of the deposits on the island consist of
consolidated eolian dunes. Other major types include consolidated subtidal deposits,
consolidated and unconsolidated beach deposits, and unconsolidated eolian dunes.
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Cedar Harbour
Cedar Harbour is located on the north coast of Little Abaco Island (Figure 2,
Chapter II). The Cedar Harbour Caves are located along the coast just west of Cedar
Harbour (Figures 37 and 40). The geology of this coast is dominated by a consolidated
eolianite with few vegemorphs that is overlain by a terra rosa paleosol. The dunes form a
low cliff fronted immediately by a wave-cut bench (Figure 132). Thin sections of this
eolianite show that it is composed dominantly of bioclasts and peloids in a sparry calcite
cement (Figure 133). The rocky coast alternates between headlands and embayments.
The wave-cut bench is wider in the embayments and narrows to almost nothing around
the headlands.
The eolianite surface has been highly modified by marine and karst processes.
The erosion of the eolianite is such that the flank margin caves on the coast are highly
breached, and in some cases, isolated towers are all that remain of original ridge (Figure
134). In addition to the flank margin caves in the eolianite, there are ubiquitous vertical
structures that stand in relief above the surrounding surface (Figures 135 and 136). These
features are often hollow with their insides lined with a hard, red paleosol. Offshore,
several rows of small cays can be seen (Figure 137).
Continuing west along the shore, the ridge containing the Cedar Harbour Caves
gets smaller and eventually ends. Just before the end of the ridge, flat lying planar
bedding can be seen atop the eolianite (Figure 138). In thin section the planar-bedded
rock is shown to be composed dominantly of ooids with minor bioclasts and peloids
surrounded by a sparry cement (Figure 139). Further west the eolianite is no longer
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present and the shoreline in instead composed of deposits containing herringbone
crossbedding (Figure 140). Thin sections show this deposit to be composed of a mix of
bioclasts and ooids surrounded by a sparry cement (Figure 141). Oscillation ripples can
sometimes by seen on exposed bedding planes in these deposits (Figure 142).

Figure 132.

Low cliffs of the Cedar Harbour coast fronted by a wave-cut bench
(Credit: John Mylroie).
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Figure 133.

Photomicrograph of the coastal eolianite, Cedar Harbour (Magnification
4 x).
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Figure 134.

Isolated remnant of the eolianite ridge (Credit: John Mylroie).
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Figure 135.

Vertical feature filled with paleosol (Credit: Adam Walker).
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Figure 136.

Vertical feature filled with paleosol (Credit: Adam Walker).

Figure 137.

Several rows of offshore cays at varying distances from the shoreline.
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Figure 138.

Planar bedding overlying eolianite deposits (Credit: Adam Walker).

Figure 139.

Photomicrograph of the planar bedded rock (Magnification 4 x).
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Figure 140.

Herringbone crossbedding on the Cedar Harbour coast (Credit: Adam
Walker).
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Figure 141.

Photomicrograph of the herringbone deposit (Magnification 4 x).

Figure 142.

Oscillation ripples on a bedding plane, Cedar Harbour (Credit: John
Mylroie).
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Cherokee and Ocean Point
Cherokee and Ocean Point are located on the east coast of Great Abaco Island
south of Little Harbour (Figure 143). Coastal exposures in the area are dominated by
consolidated eolian dune deposits. The coast northwest of Cherokee Point is more lowlying than much of the east coast of Abaco and is dominated by sandy beaches and some
areas of subtidal deposits near sea level (Figures 144 and 145). Coastal cliffs northeast of
Cherokee Point and southwest of Winding Bay are composed of an eolianite containing
abundant vegemorphs, sea caves, blowholes, and solution pits. The upper surface of the
eolianite is truncated, with a terra rosa paleosol deposited over the truncations. No flank
margin caves were present.
The coastline of Winding bay is comprised of sandy beaches backed by
unconsolidated eolian dunes (Figure 146). Ocean Point, located northeast of Winding
Bay, is a headland composed of a consolidated eolianite with few vegemorphs overlain
by a terra rosa paleosol. The eolianite contains numerous solution pits and small collapse
areas filled with rubble and paleosol (Figure 147). Wave erosion of the headland has
formed steep cliffs and a sea arch (Figure 148).
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Figure 143.

Landsat image of the Cherokee and Ocean Point area.
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Figure 144.

Subtidal deposits northwest of Cherokee Point (Credit: John Mylroie).

Figure 145.

Close-up of the subtidal deposits northwest of Cherokee Point (Credit:
John Mylroie). Arrow indicates fossil coral.
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Figure 146.

The beaches of Winding Bay as seen from Ocean Point (Credit: Joan
Mylroie).

Figure 147.

A collapse area on Ocean Point.
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Figure 148.

The sea arch at Ocean Point.
Cone Karst Study Area

The cone karst study area is located south of Marsh Harbour, off the Great Abaco
Highway, along the road to Snake Cay (Figure 122). The rocks here are entirely
composed of consolidated eolianite ridges that have been largely dissected into individual
hills. The surface has been highly weathered and modified by karst processes and has a
high solution pit density (Figure 149). No flank margin caves or paleosols were present.
It is likely that a paleosol was present at one time and has since been removed by the
processes that created the cone hills. Thin sections of the eolianite in the area show that it
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is composed dominantly of ooids with minor bioclasts and peloids surrounded by a sparry
cement (Figure 150).

Figure 149.

The highly modified karst surface of the cone karst study area (machete
for scale is indicated by the arrow).
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Figure 150.

Photomicrograph of the eolianite in the cone karst study area
(Magnification 4 x).
Hole-in-the-Wall Area

Hole-in-the-Wall is located at the southeastern extent of Great Abaco Island
(Figure 2, Chapter II) and is named for a sea arch (Figure 13, Chapter II) in the eolianites
at the far end of a headland (Figure 129). The geology of the area was studied along the
coast from Hole-in-the-Wall to PITA Cave A, the farthest west of the PITA Caves. The
coastline alternates between rocky eolianite headlands and small sandy beaches backed
by unconsolidated dunes (Figure 151). Landward of the coastal deposits is a large
eolianite ridge that contains the PITA Caves (Figure 152).
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Figure 151.

The coastline west of Hole-in-the-Wall, Great Abaco Island.

Figure 152.

The large eolianite ridge that contains the PITA Caves.

The Hole-in-the-Wall headland is composed of consolidated eolianite deposits
that are often covered with a patchy terra-rosa paleosol. The only vegemorphs present in
the eolianite are locally associated with this paleosol. In thin section this eolianite is
shown to be composed of a mix of ooids, bioclasts, and peloids (Figure 153). Numerous
solution pits and collapse features filled with rubble and paleosol (such as seen at Ocean
Point) are present (Figure 154). One pit cave (Blowhole Cave) is also present on the
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headland. The eastern side of the headland, where wave energy is greatest, drops to the
sea in a nearly vertical cliff (Figure 155). There is a large sea cave in this side of the
point that can be viewed from the bottom of Blowhole Cave. The western side of the
point has a wave-cut bench located a few meters above modern sea level (Figures 156
and 157). A boulder coral-rubble outcrop, capped by a terra rosa paleosol, is located on
this bench (Figures 158 and 159). No paleosol separates the boulder coral outcrop from
the underlying eolianite.

Figure 153.

Photomicrograph of the eolianite comprising the Hole-in-the-Wall
headland (Magnification 4 x).
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Figure 154.

Collapse feature on the Hole-in-the-Wall headland (Credit: Adam
Walker).
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Figure 155.

Near vertical cliffs on the eastern side of the Hole-in-the-Wall headland
(Credit: John Mylroie).
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Figure 156.

The wave-cut bench on the western side of the Hole-in-the-Wall headland
viewed from the south (Credit: John Mylroie).
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Figure 157.

The wave-cut bench on the western side of the Hole-in-the-Wall headland
viewed from the west (Credit: John Mylroie).
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Figure 158.

The coral reef rubble outcrop on the western side of the Hole-in-the-Wall
headland.

Figure 159.

Close-up of a large fossil coral in the coral reef rubble outcrop.

179
West of the Hole-in-the-Wall headland eolianites are the dominant rock type
though some subtidal and intertidal rocks are present at low elevations (Figure 160).
Unconsolidated beach deposits and eolian dunes (Figure 161) are also present. The
eolianite that dominates the coast is very rich in vegemorphs (Figure 162) and in thin
section is composed dominantly of bioclasts (Figure 163). The eolianite is covered by a
thick terra rosa paleosol with abundant fossil Cerion sp. shells (Figure 164) and vadose
pisoids (Figure 165). Many of the pisoids are calcite-covered shells of the snail Cerion
sp. The paleosol is often broken into large flat blocks that have been displaced from their
original position. Where the paleosol has been removed, the eolianite and subtidal rocks
have been highly attacked by marine and karst processes to form coastal karren (Figure
166). The paleosol cannot be traced over the high eolianite ridge containing the PITA
Caves due to the degree of vegetative cover. This ridge also has a large quantity of
vegemorphs. In thin section the eolianite containing the PITA Caves is also dominantly
comprised of bioclasts and is very similar to the eolianite on the beach (Figure 167). Sea
caves and blowholes are common all along the coast (Figure 168).
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Figure 160.

Subtidal rocks west of Hole-in-the-Wall (Credit: John Mylroie).

Figure 161.

Unconsolidated eolian dunes west of Hole-in-the-Wall (Credit: John
Mylroie).
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Figure 162.

Eolianite with abundant vegemorphs.

Figure 163.

Photomicrograph of the vegemorph-rich eolianite (Magnification 4 x).
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Figure 164.

Fossil Cerion sp. shells in a terra rosa paleosol (Credit: John Mylroie).

Figure 165.

Vadose pisoids from a terra rosa paleosol west of Hole-in-the-Wall.
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Figure 166.

Coastal karren west of Hole-in-the-Wall (Credit: John Mylroie).

Figure 167.

Photomicrograph of the eolianite containing the PITA Caves
(Magnification 4 x).
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Figure 168.

Abundant sea caves west of Hole-in-the-Wall (Credit: John Mylroie).
Little Bay and Lantern Head

Little Bay is located approximately 2.5 km north of Hole-in-the-Wall on Great
Abaco Island (Figures 37 and 90). Lantern Head is located 1.5 km north of Little Bay
(Figure 169). The coast in the area consists of alternating rocky eolianite headlands and
sandy beaches backed by eolianite cliffs and unconsolidated eolian dunes (Figure 170).
Three flank margin caves (the Little Bay Caves) are found in the eolianite cliff backing
the beach at Little Bay. Like the Hole-in-the-Wall area, the coastline is very high energy,
with coastal deposits actively being attacked by marine processes. Some of the highest
cliffs on the island are found just north of Lantern Head. Blowholes, sea arches, and sea
caves are all common.
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Figure 169.

Lantern Head, Great Abaco Island, Bahamas.
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Figure 170.

View of the Little Bay and Lantern Head area from the lighthouse at Holein-the-Wall. Little Bay is the first beach. Lantern Head is the prominent
headland after the second beach.

There are several distinct eolianite packages along the coast from Little Bay to
about one km north of Lantern Head. The first eolianite has abundant vegemorphs and
truncated foresets that are covered by a thick terra rosa paleosol (Figures 171 and 172). It
forms low cliffs along the shoreline. In some areas the paleosol has been removed in
large flat blocks (Figure 173). The second eolianite package has very few vegemorphs,
and forms the more prominent headlands such as Lantern Head and the higher cliffs.
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Thin sections of this eolianite show that it is composed of a mix of ooids and bioclasts
surrounded by a sparry cement (Figure 174). It is covered by a thinner terra rosa paleosol
and is characterized by small phreatic pockets and collapse structures filled with paleosol
and rubble such as those seen at Hole-in-the-Wall and Ocean Point. The Little Bay
Caves are also found in this eolianite. The third package consists of poorly consolidated
to unconsolidated dune deposits that are not capped by a terra rosa paleosol. Thin
sections of this eolianite show that it is composed dominantly of bioclasts with minor
ooids poorly cemented by sparry calcite (Figure 175). Portions of the poorly
consolidated areas of this dune contain casts of palmetto stumps. The most interesting
outcrop in this area is located approximately one km north of Lantern Head. It shows the
second eolianite package overlain by the third, separated by a thin terra rosa paleosol
(Figures 176-178).

Figure 171.

Terra rosa paleosol on truncated foresets of the first eolianite package.
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Figure 172.

Thick (~20 cm) terra rosa paleosol overlying the first eolianite package.

Figure 173.

Large, flat displaced paleosol blocks.
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Figure 174.

Photomicrograph of the second package eolianite (Magnification 4 x).

Figure 175.

Photomicrograph of the third package eolianite (Magnification 4 x).
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Figure 176.

Outcrop showing second package eolianites overlain by a terra rosa
paleosol and then overlain by poorly consolidated and unconsolidated
eolianites of the third package. Notice the phreatic pockets in the second
package eolianite (Credit: John Mylroie).

Figure 177.

Poorly consolidated eolianites of the third package overlying a terra rosa
paleosol that separates the second package from the third.
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Figure 178.

Stratigraphic column showing the arrangement of second and third
package eolianites north of Lantern Head.
Little Harbour

Little Harbour is located on Great Abaco Island on the southern edge of Little
Harbour Bay (Figures 2 (Chapter II), 37 and 68). Geologic work in the area was focused
along the west coast of Little Harbour itself, where Sitting Duck Cave, Azimuth Cave,
and Manchineal Cave are located, and the east coast of Great Abaco Island facing the
Atlantic Ocean (Figure 68). Deposits along the harbor are dominated by the high
eolianite ridge that contains the caves. This eolianite sometimes contains abundant
vegemorphs, but in some areas contains very few. A terra rosa paleosol is present on top
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of the eolianite. Thin sections of this eolianite show that it is comprised dominantly of
bioclasts surrounded by a fine sparry cement (Figure 179). Subtidal deposits can be seen
overlying the eolianite on small benches outside of Sitting Duck Cave and Azimuth Cave
(Figure 180). These subtidal deposits directly overlie the eolianite with no separation by
a terra rosa paleosol. They are composed dominantly of bioclasts and peloids (Figure
181). The coast facing the Atlantic Ocean is high energy and dominated by eolianite
cliffs. The eolianite has abundant vegemorphs and truncated foresets covered by a terra
rosa paleosol. Sea caves are common (Figure 182).

Figure 179.

Photomicrograph of the eolianite containing the coastal Little Harbour
Caves (Magnification 4 x).
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Figure 180.

Subtidal deposits (notice the shells near the flashlight) onlapping
eolianites outside of Sitting Duck Cave, Little Harbour (Credit: John
Mylroie). Inset shows a close-up.
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Figure 181.

Photomicrograph of the subtidal deposits at Little Harbour (Magnification
4x).
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Figure 182.

Sea cave in eolianites, Little Harbour (Credit: John Mylroie).
Outer Cays

Abaco has an abundance of outer cays located all around the island (Figure 2,
Chapter II). The vast majority of them, however, are located on the eastern side of the
island, facing the open ocean. Very little geologic work was conducted on the outer cays
of Abaco due to time and logistical constraints. However, some outcrops were examined
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on Man-O-War Cay, Elbow Cay, Guana Cay, and several other smaller unnamed cays.
Coastal rocks on the cays are dominated by an eolianite with abundant vegemorph
development (Figure 183). On Man-O-War Cay, two separate outcrops of this eolianite
show truncated foreset beds overlain by a terra rosa paleosol (Figure 15, Chapter II).
This eolianite is dominantly low-lying, forming only small cliffs in coastal areas where
beaches are absent (Figure 184). Outcrops of this eolianite on the larger cays are
separated laterally by large tracts of unconsolidated beach and eolian dune sands. Some
of the smaller cays are made up entirely of this eolianite.

Figure 183. Low-lying eolianite comprising the majority of the outer cays, notice the
abundant vegemorphs, Guana Cay (Credit: John Mylroie).
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Figure 184.

Low cliffs in the vegemorph-rich eolianite (Credit: John Mylroie).

On Guana Cay (Figure 2, Chapter II), large, heavily-vegetated unconsolidated
dunes make up the majority of the interior of the island, while outcrops of the eolianite
described above are confined to coastal areas. A weakly cemented eolianite with foreset
beds that dip below sea level is present in several outcrops on the Atlantic facing beaches
(Figure 185). It is not overlain by a terra rosa paleosol. On Elbow Cay (Figure 2,
Chapter II) a large inland road-cut shows a consolidated eolianite unit with few
vegemorphs and protosol development (Figures 186 and 187).
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Figure 185.

Weakly-cemented eolianite on Guana Cay (Credit: John Mylroie).

Figure 186.

Protosol development in a road-cut on Elbow Cay (Credit: John Mylroie).
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Figure 187.

Close-up of a protosol in the road-cut on Elbow Cay (Credit: John
Mylroie).
Sandy Point

Sandy point is located at the far southwestern extent of Great Abaco Island
(Figure 2, Chapter II). As its name implies, it is dominantly comprised of unconsolidated
beach and eolian dune sands. Rocks are limited to a poorly-cemented beach rock and
subtidal/intertidal rocks near modern sea level (Figure 188). The bedding planes in the
beach rock are congruent with the slope of the modern beach. No paleosol is present.
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Figure 188.

Beach rock and subtidal rocks on the beach at Sandy Point.

CHAPTER VI
DISCUSSION
Flank Margin Caves: Does Abaco Fit the Model?
Flank margin caves on Abaco fit the model of Mylroie and Carew (1990) in
nearly every case. They exhibit characteristic hypogenic features such as bell holes,
dissolutional cusps, and spongework. They have limited vertical, and more extensive
horizontal dimensions. Most importantly, every cave that exhibits these characteristics,
except one, is located between 1 and 7 meters above current sea level.
Bellycrawl Cave near Cooper’s Town, however, is located 10 m above modern
sea level. This elevation was determined by surveying from the position of the cave to
sea level using a tape and a Suunto inclinometer. The presence of other smaller phreatic
voids along the same 10 m horizon implies that a freshwater lens may have reached an
elevation of 10 m in this location. The absence of other phreatic voids at this elevation
on the rest of the island implies that this was most likely a local phenomenon. The small
size of the voids implies that the lens did not occupy that position for an extended period
of time and may even have been episodic.
The presence of a paleosol under the voids could explain their high positions, as it
would provide a mechanism for perching of phreatic waters. For example, Gentry et al.
(2004) describe perching of wetland waters on San Salvador Island in association with
201
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low permeability paleosols. A +10 m dissolutional ceiling from Hatchet Bay Cave on
Eleuthera Island in the Bahamas was also explained by storm loading of the lens and
perching of the water table by a paleosol (Lascu, 2005). A terra rosa paleosol is present
along the shore fronting the voids, but it was not possible to determine if it may have had
a part in the development of the 10 m horizon. This is definitely an area that needs
further investigation, not only on Abaco, but on every Bahamian Island.
The keyhole passage in 8-Mile Cave is another feature worth discussion. In
epigenic (i.e. stream) caves (Palmer, 1991), phreatic processes form tubular passages
with ovoid cross-sections, while vadose flow creates deep, narrow canyons. Keyholeshaped passages in stream caves are usually the result of modification of an originally
phreatic passage by vadose flow, i.e. formation of a canyon in the floor of an ovoid tube.
Since 8-Mile Cave was not formed by stream processes, but rather by mixing dissolution,
this typical explanation is not appropriate. The keyhole passage in 8-Mile Cave clearly
has phreatic origins as evidenced by dissolutional cusps on the walls and ceiling, and
spongework. The trench in the floor, which causes the keyhole-shaped cross-section,
seems to have come later. One possible explanation is that water enters the cave during
storm events through the large crack in the ceiling. This water ponds on the floor of the
passage, forming the trench by dissolution of the floor. The deepest area of ponding
occurs where the passage makes the 90° bend to the west (Figure 87, cave map). If this
scenario is correct, 8-Mile Cave shows an interesting interaction with current hydrologic
processes on Abaco, which is not typical of flank margin caves.

203
Some flank margin caves on Abaco also proved useful in helping to determine the
geologic history of the area in which they are located, and even the relative age of the
dune deposits in which they are enclosed. This is especially true in Little Harbour and
Cedar Harbour, where flank margin caves contain clues such as stalactiflats, breccia
facies, beach deposits, and paleosols. The importance of these features will be described
below as part of the discussion of the geologic history of the island. Also in Little
Harbour, the presence of flank margin caves located on opposite sides of an eolianite
ridge, such as Dripping Stones Cave and Hunter’s Cave, give evidence that the margin of
the fresh water lens was active on both sides of the ridge. This implies that the ridge
itself may have become a small island during the OIS 5e highstand, as surrounding lows
were inundated by the rising sea.
High Caves
The high PITA Caves were of particular interest at the onset of this study as they
had originally appeared to be located in a continuous horizon about 20 m above modern
sea level (Figure 189). Their arrangement in a continuous horizon suggested that they
were flank margin in origin. Current models of flank margin cave formation in the fresh
water-salt water mixing zone require that caves will be located between 1 and 7 m above
modern sea level, in agreement with the +6 m OIS 5e highstand (Carew and Mylroie,
1990). Given the tectonic stability of the Bahamas, a sea-level highstand of at least 20 m
would be required to form flank margin caves at the elevation of the PITA Caves. If the
high PITA Caves are flank margin caves from OIS 11, they may be sufficiently old that
evidence of there phreatic formation would have been removed by erosion. A +20 m
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highstand has been proposed for OIS 11, but the data has been controversial, especially in
the Bahamas (Lascu, 2005 and references therein). The major problem with this
argument is that no confirmed subtidal deposits dating from highstands prior to OIS 5e,
including OIS 11, have been found in the Bahamas. If the PITA Caves were in fact
shown to be flank margin caves, they would have provided the first conclusive evidence
of a sea level highstand in the Bahamas above the +6 m OIS 5e.

Figure 189. The apparent continuous horizon of the high PITA Caves as seen from the
beach before the vegetation was removed.
Upon further investigation it became clear that the PITA Caves were not found in
a continuous horizon. The large amount of vegetation in the area had made it impossible
to see many of the caves. Once the vegetation had been removed it became clear that
cave elevations were more random (Figure 121, Chapter V). Also, individual
investigation of each cave showed that they lacked characteristic flank margin cave
phreatic dissolutional features such as cusps and bell holes (Figures 108-121, Chapter V).
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The rough surfaces of the cave walls and ceilings are more typical of mechanical erosion.
The combination of these observations shows that the PITA Caves are not flank margin
caves, and thus do not represent a +20 m sea level highstand.
The caves were most likely formed during the +6 m OIS 5e highstand, when the
ridge in which they are found was cliffed by wave energy (Figure 190). This erosion
removed the calcrete crust of the dune and exposed the soft interior to attack by wind and
salt (Figures 190 and 191). Tafoni (singular: tafone), recesses in rock formed from salt
weathering (Huinink et al., 2004), are common on rocky coasts, which are always
exposed to spray, waves, and wind (Sunamura, 1996). These high level caves may
represent a form of tafoni.
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Figure 190.

The formation of the high PITA Caves on Abaco Island, Bahamas.
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Figure 191.

The exposed soft interior of a Pleistocene eolianite after the calcrete crust
has been removed (Credit: John Mylroie).

Other tafoni-like features have been described on San Salvador Island, Bahamas
on North Point (Figure 192) and in Watling’s Quarry (Mylroie, 2005). North Point is a
modern sea cliff in Holocene eolianites, with conditions similar to those that would have
present on Abaco during the formation of the high PITA Caves. It is important to note
that because North Point is a Holocene deposit, it could not have supported a past freshwater lens. This further supports the argument that the similar voids on Abaco were
formed in the same way as those on North Point, and are not highly weathered flank
margin caves. Watling’s Quarry is an inland exposure of Pleistocene eolianites. In both
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cases, the eolianite was cliffed either by natural (North Point), or anthropogenic
(Watling’s Quarry) processes, exposing the soft interior to erosion.

Figure 192.

Modern tafone-like feature in the Holocene eolianites of North Point, San
Salvador Island, Bahamas (Credit: John Mylroie).

It is unclear if the features on Abaco and San Salvador are true tafoni, which are
dominantly formed by salt erosion, or are wind-erosion caves. On coastal outcrops such
as on Abaco and North Point on San Salvador, a combination of both mechanisms is
likely taking place. In inland outcrops such as Watling’s Quarry on San Salvador, wind
may be the dominant means of formation as salt would be less available. Clearly more
research is needed in this area to completely understand how these caves form.
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Geologic History
Geologic interpretations are based on the field observations presented in Chapter
V, thin section analysis also presented in Chapter V, the stratigraphy of Carew and
Mylroie (1995) described in Chapter II, and previous work conducted on similar deposits.
The stratigraphic column of Carew and Mylroie (1995) is also shown in Chapter II
(Figure 8).
Thin sections of samples collected on Abaco also aided in the geologic
interpretations presented since certain formations are known to have a usual allochem
composition. In particular, large-scale ooid production is associated with deposition of
the Grotto Beach Formation during the OIS 5e highstand (Schwabe et al., 1993),
particularly the French Bay Member (Carew and Mylroie, 1997). Peloidal/bioclastic
units are more commonly associated with the Pre-OIS 5e Owl’s Hole Formation, and the
Holocene Rice Bay Formation. These typical compositions have been known to vary
greatly, however, depending on the source area of the sediment involved. Both the Owl’s
Hole and the Rice Bay, for example, can be locally oolitic if an oolite source area is
present. Consequently, allochem composition of a deposit cannot override interpretations
derived from direct field observations.
Complex interactions of eolianite deposits, such as onlap of a younger deposit
onto an older, can also take place, further obscuring the depositional history (Schwabe et
al., 1993; Sparkman-Johnson et al., 2001). In many cases, the exact age and history of a
deposit could not be determined with the limited geologic data collected during this
study. Instead, several possible scenarios are presented. No interpretation presented
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should be considered absolute, as further geologic work on Abaco may result in a better
understanding of many of the deposits examined in this study. However, as the
interpretations presented here are based on direct field observations and not subsequent
lab work, they have practical utility for the casual observer. This work should provide a
general picture of the geologic history of the island that will aid later, more detailed
investigations.
Cedar Harbour
The coastline near Cedar Harbour on Little Abaco Island (Figure 2, Chapter II) is
dominated by a consolidated eolianite with few vegemorphs, overlain by a patchy terra
rosa paleosol, and containing flank margin caves (the Cedar Harbour Caves I-V). Based
on the presence of the paleosol this eolianite is Pleistocene in age. The relative lack of
vegemorphs suggests that it is transgressive. The dominantly bioclastic composition of
the eolianite, and the well-developed karst surface suggest that it belongs to the Owl’s
Hole Formation.
The karstification of the surface is most obviously demonstrated by the presence
of vertical features lined with paleosol that stand in relief to the surrounding land surface
(Figures 135 and 136, Chapter V). Similar structures in other Owl’s Hole rocks have
been interpreted to represent paleo-solution pits (Carew and Mylroie, 1994). When the
pits were active, they became lined with paleosol material from the overlying surface due
to surface runoff. Later, the paleosol was stripped from the surrounding surface by
marine processes during subsequent transgressions, making it more susceptible to
dissolutional and erosional processes. The paleosol in the solution pit, however,
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remained protected. Once the paleosol was removed, the surrounding surface was then
lowered at a faster rate than the solution pit itself, which was protected by the harder,
more resistant paleosol lining. The end result is an inverse topography, whereby the
solution pit now stands in relief above the surrounding surface.
If the transgressive eolianites at Cedar Harbour do in fact belong to the Owl’s
Hole Formation, they were deposited on a highstand prior to OIS 5e, perhaps OIS 7 or 9.
They were then abandoned as sea level once again dropped below the edge of the
platform and a paleosol developed on the surface. The elevation of the flank margin
caves within the eolianite suggests that they were formed during the +6 m OIS 5e
highstand. As sea level rose to its maximum during this highstand, the eolianites were
cliffed by wave action to the point that the developing Cedar Harbour Caves were
breached. Beach sands belonging to the French Bay Member of the Grotto Beach
Formation were deposited within the caves and westward along the coast, in many cases
entombing breccia blocks from the eroding eolianite cliffs in a white shelly sand (Figure
50, Chapter V). These sands have a high abundance of ooids as is characteristic of
French Bay rocks.
Subtidal herringbone sands of the Cockburn Town Member of the Grotto Beach
Formation were also deposited west of the caves. These sands are dominantly bioclastic
with fewer ooids. In the few available outcrops, the herringbone deposits directly overlie,
with no separation by a terra rosa paleosol, the coastal eolianites at Cedar Harbour, which
also house the Cedar Harbour Caves. This observation alone suggests that the eolianites
belong to the transgressive French Bay Member of the Grotto Beach Formation.
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However, since the paleosol overlying the eolianites is patchy, it may have simply been
stripped from the surface prior to the deposition of the herringbone sands.
If the eolianite containing the caves at Cedar Harbour does in fact belong to the
French Bay Member of the Grotto Beach Formation than it was deposited during the OIS
5e sea-level transgression. The Cedar Harbour Caves would have begun to grow in the
eolianites as they were being deposited. They were then breached by wave energy later
during the transgression and French Bay beach sands were deposited within the caves,
entombing eolianite blocks eroded by wave energy.
Thus, it is not possible to determine with sufficient certainty if the eolianite
containing the Cedar Harbour Caves belongs to the Owl’s Hole or Grotto Beach
Formation. The lack of an observable paleosol separating the eolianite from herringbone
sands of the Cockburn Town Member suggests that it belongs to the Grotto Beach
Formation. The well-developed karst surface developed on the eolianite, including
paleo-solution pits, and it’s dominantly bioclastic composition suggests that it belongs to
the Owl’s Hole Formation. The remainder of the discussion below would apply
regardless of the age of the eolianite.
As sea level fell at the end of the 5e highstand, the beach environment moved
seaward away from the caves. Speleothems began to grow as the caves were abandoned
by marine waters. Vegetation began to colonize the area, including the French Bay beach
deposits within the Cedar Harbour Caves. The moist cave environment would have been
a favorable place for vegetative roots. Eventually a sandy soil developed in the French
Bay beach deposits that would later become the red paleosol present in many of the
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Cedar Harbour Caves. The breccia facies found in Cedar Harbour Cave V (Figure 57,
Chapter V) was formed as breakdown from the cave environment was entombed in the
soil.
As sea level rose with the current highstand the beach environment once again
began to affect the caves and much of the vegetation was removed. Storm wave energy
still reaches into the caves as is evident by modern beach deposits and organic matter in
the caves. This wave action removed much of the soil that had developed during the post
OIS 5e lowstand. Now only remnants are present as a paleosol along the walls of the
caves and in small patches on the floors (Figures 46-49, Chapter V). The excavation of
this soil under speleothems allowed for the formation of stalactiflats, as the speleothems
were left suspended above the new floor level (Figure 53, Chapter V).
Off shore cays in the Cedar Harbour area are most likely remnants of drowned
eolianite ridges that were deposited prior to the current sea level highstand. As it was not
possible to actually visit these cays their geologic age cannot be determined. However,
they may represent regressive Owl’s Hole deposits that make up the majority of the outer
cays that were investigated during this study (see Outer Cays discussion below). They
may also belong to the regressive Cockburn Town Member of the Grotto Beach
Formation.
Cherokee and Ocean Point
The coast northwest of Cherokee Point is dominated by modern beach deposits of
the Hanna Bay Member of the Rice Bay Formation, and subtidal rocks of the Cockburn
Town Member of the Grotto Beach Formation. The coastal cliffs northeast of Cherokee
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Point and southwest of Winding Bay are comprised mainly of a consolidated eolianite
with abundant vegemorphs and a well-developed karst surface. The foreset beds of this
eolianite can be seen to be truncated in several places with a terra rosa paleosol deposited
over the truncations. All of these observations suggest that this is a regressive eolianite
of the Owl’s Hole Formation.
Winding Bay is composed of modern unconsolidated beach and dune sands of the
Hanna Bay Member of the Rice Bay Formation. Ocean Point is formed from a
consolidated eolianite with few vegemorphs capped by a patchy terra rosa paleosol.
Collapse areas filled with paleosol and breccia have been previously interpreted to
represent small collapsed flank margin caves, or paleotalus deposits (Carew and Mylroie,
1994). These observations imply that this eolianite represents the transgressive French
Bay Member of the Grotto Beach Formation.
Cone Karst Study Area
The cone karst study area seems to be composed of a single eolianite package
with few vegemorphs. Despite the fact that no paleosol was observed in the area, the
eolianite does appear to be Pleistocene in age due to the number of solution pits present
and the degree of cementation of the outer layers. It is likely that the terra rosa paleosol
was removed by the same erosional processes that were responsible for the dissection of
the eolianite ridge and the formation of the cone karst landforms. Any small flank
margin caves or phreatic pockets may have been destroyed in the same way. It seems
unlikely, however, that large flank margin caves ever existed in the area, as flank margin
cave remnants are known to remain even in areas of high erosion such as active sea cliffs.
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The oolitic nature of the sample collected in the study area implies that these
rocks may belong to the French Bay Member of the Grotto Beach Formation. This is
surprising, as the degree of erosion to the original eolianite ridge would seem to require
that the deposits are older than 125,000 years. The surface of the cones and the
surrounding land surface in the cone karst study area has a very high solution pit density.
Such a well-developed karst surface could also argue for an older deposit. Most of these
pits, however, are small. Especially compared to the large pit caves present on Abaco
(such as Blowhole Cave) and other islands.
Clearly more work is needed in the study area to accurately determine the age of
the eolianites. One focus of this work should be to sample different areas and levels of
the eolianites to determine their composition. For example, the sample collected for this
study was taken near the top of a cone. As such it may represent onlap of younger
(perhaps French Bay) dunes on older (perhaps Owl’s Hole) deposits. It may also simply
be an oolitic front of a dominantly bioclastic dune. Another focus of later work should be
the erosion rate of the land surface. If it were known how long it takes to actually dissect
an eolianite ridge into hills like those on Abaco, it would greatly aid in determining the
age of the eolianites in the cone karst study area.
Hole-in-the-Wall Area
The Hole-in-the-Wall headland is composed of a consolidated eolianite, with few
vegemorphs, capped by a patchy terra rosa paleosol. It is oolitic in thin section with
minor bioclasts and peloids. Collapse areas similar to those on Ocean Point are also
present, and most likely represent small collapsed flank margin caves or paleotalus
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deposits. These observations suggest that this eolianite represents the transgressive
French Bay Member of the Grotto Beach Formation.
The coral reef rubble outcrop present on the wave-cut bench in these eolianites
must be part of the Cockburn Town Member of the Grotto Beach Formation as no other
Pleistocene subtidal units are known from the Bahamas. The presence of the corals on
the wave-cut bench imply that it represents wave energy from OIS 5e. The Cockburn
Town corals directly overlie the eolianites making up the headland with no separation by
a terra rosa paleosol. This is the most conclusive evidence that the eolianites making up
the headland belong to the French Bay Member of the Grotto Beach Formation.
West of Hole-in-the-Wall modern beach and dune deposits represent the Hanna
Bay Member of the Rice Bay Formation, while subtidal and intertidal rocks near modern
sea level are both modern in age and of the Cockburn Town Member of the Grotto Beach
Formation. The coast is dominated by a consolidated eolianite with abundant
vegemorphs and capped by a thick terra rosa paleosol. The large eolianite ridge
containing the PITA Caves is very similar to this coastal eolianite. In thin section both of
these eolianites are seen to be dominantly composed of bioclasts. The abundance of
vegemorphs implies that they are regressive and the paleosol shows them to be
Pleistocene in age. The fact that the ridge containing the PITA Caves was cliffed during
a higher than modern high stand (see high cave discussion above), most likely the +6 m
OIS 5e, and the fact that there is a wide flat wave-cut bench in the coastal eolianites
leading up to the PITA Cave ridge, requires that they were deposited prior to the OIS 5e
highstand. Because they are regressive they must belong to the Owl’s Hole Formation.
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Little Bay and Lantern Head
The coastline between Little Bay and Lantern Head is composed dominantly of
three eolian dune packages. Other deposits include Holocene beach deposits of the
Hanna Bay Member of the Rice Bay Formation. The first eolian dune package consists
of a well-cemented eolianite with abundant vegemorphs that is capped by a thick terra
rosa paleosol. In several locations this eolianite shows truncated foreset beds, with the
terra rosa paleosol draped over the truncations. As discussed in Chapter II, this scenario
requires that the beds were truncated by wave energy during the OIS 5e highstand on
rocks that were already present (i.e. Owl’s Hole Rocks). The terra rosa paleosol was then
deposited over the truncations on the following post OIS 5e lowstand (Figure 15, Chapter
II). Thus, this eolianite is regressive and belongs to the Owl’s Hole Formation.
The second eolian dune package is composed of a well-cemented eolianite with
few vegemorphs and covered by a terra rosa paleosol. Thin sections show that it is
composed of ooids and bioclasts. Numerous small phreatic pockets are present as well as
collapse features filled with paleosol and rubble. The collapse features are similar to
those at Ocean Point and Hole-in-the-Wall and most likely represent collapsed flank
margin caves or paleotalus deposits. These features are all characteristic of the
transgressive French Bay Member of the Grotto Beach Formation. However, it is also
possible that the eolianite could represent the transgressive Owl’s Hole Formation.
The Little Bay Caves were formed in this second eolianite package. An
interesting parallel can be drawn here between the Little Bay Caves and the Cedar
Harbour Caves. Little Bay Cave I has been breached by wave energy from the current
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highstand, allowing for the deposition of a large amount of sand. This is similar to the
situation that would have been occurring at Cedar Harbour during the OIS 5e highstand
125,000 years ago, when the Cedar Harbour Caves were breached by wave energy,
allowing for the deposition of French Bay Member beach sands within the caves.
The third package eolianite at Little Bay and Lantern Head is made up of poorlyconsolidated to unconsolidated eolian dunes that are not covered by a terra rosa paleosol,
and show no evidence of one ever having been present. These dunes are dominantly
bioclastic with minor ooids. The lack of a terra rosa paleosol demonstrates that they are
Holocene in age, of the Rice Bay Formation. The upper uncemented eolianites belong to
the modern Hanna Bay Member. The fact that the cemented areas of this dune grade
directly into uncemented areas with little foreset interruption suggests that the cemented
areas may also belong to the Hanna Bay Member. The presence of fossil palmetto
stumps that would be unlikely to form in the transgressive North Point Member also
supports this possibility. However, the only way to properly distinguish between the
North Point Member and the Hanna Bay Member of the Rice Bay Formation, in the
absence of radiocarbon dating, is to observe their relationship to modern sea level. North
Point rocks show foreset beds dipping below modern sea level, since they were deposited
during the last transgression, prior to sea level reaching its current elevation. Hanna Bay
rocks, however, show beds grading asymptotically to modern sea level, because they
were deposited when sea level was at or very near its current level. Because this outcrop
does not show the relationship of the cemented dunes to sea level, it is impossible to say
without a doubt that they belong to the Hanna Bay Member.
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One of the best outcrops in this area is located just north of Lantern Head. It
shows the Pleistocene/Holocene contact with eolianites of the second package overlain
by eolian dunes of the third package and separated by a terra rosa paleosol (Figure 193).

Figure 193.

Stratigraphic column of the outcrop showing the Pleistocene/Holocene
contact.
Little Harbour

The geology of Little Harbour was investigated on the coast of Little Harbour
itself near Azimuth Cave, Manchineal Cave, and Sitting Duck Cave, and on the nearby
Atlantic coast. Geology within Little Harbour itself is dominated by the eolianite
containing the above caves. This eolianite is bioclastic, and is capped by a terra rosa
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paleosol. Some areas have limited vegemorph development, while others have more
extensive development. This makes it difficult to determine if these eolianites are
transgressive or regressive. They may be a mixture of both. The terra rosa paleosol
shows the eolianite to be Pleistocene in age. Benches fronting Azimuth Cave and Sitting
Duck Cave show subtidal deposits of the Cockburn Town Member of the Grotto Beach
Formation overlying this eolianite.
Much like the eolianite containing the Cedar Harbour Caves at Cedar Harbour, it
is difficult to assign the eolianites in Little Harbour to a particular stratigraphic position.
Vegemorph development is variable and thus not conclusive. The presence of Cockburn
Town deposits directly overlying the eolianites with no separation by a terra rosa paleosol
suggests that they belong to the Grotto Beach Formation. They may, however, be older
(i.e. Owl’s Hole), if the paleosol was stripped prior to the deposition of the Cockburn
Town.
The Atlantic coastline is dominated by an eolianite with abundant vegemorphs.
This eolianite displays truncated foresets with a terra rosa paleosol draped over the
truncations; similar to outcrops seen near Cherokee and Little Bay. These observations
imply that it is regressive and belongs to the Owl’s Hole Formation.
Outer Cays
The outer cays are dominated by a low-lying eolianite with abundant vegemorphs
and unconsolidated beach and eolian dune sands. In several outcrops the eolianite shows
truncated foreset beds capped by a terra rosa paleosol such as those seen near Cherokee,
Little Bay, and Little Harbour. These observations indicate that the eolianite is regressive
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and belongs to the Pleistocene Owl’s Hole Formation. Unconsolidated beach and dune
sands represent the Hanna Bay Member of the Rice Bay Formation. In many places
outcrops of the Owl’s Hole eolianite are laterally separated by large tracts of Hanna Bay
sands. The accretion of these sands joined isolated remnants of the Owl’s Hole eolianite
to form the larger outer cays such as Guana, Man-O-War, and Elbow. Smaller cays are
composed almost entirely of the Owl’s Hole eolianite.
The weakly cemented eolianite near sea level on Guana Cay most likely belongs
to the transgressive North Point Member of the Holocene Rice Bay Formation. This is
supported by the lack of a terra rosa paleosol, the limited vegemorph development, and
the foreset beds dipping below modern sea level, which shows that the eolianite was
deposited prior to sea level reaching its modern level.
The inland road cut on Elbow Cay is more difficult to classify. This outcrop was
located on private property and could only be visited by boat, which made the logistics
difficult. It was only visited once for a very short period. Close inspection was only
possible for the bottom two meters of the outcrop and no samples were collected. It most
likely belongs to the Pleistocene Grotto Beach Formation, though it is hard to say if it is
part of the transgressive French Bay Member or the regressive Cockburn Town Member.
The lower areas that could be closely viewed lacked vegemorph development, which
suggests transgressive; however, the presence of protosols is more characteristic of the
Cockburn Town (Carew and Mylroie, 1995). This outcrop may, in fact, represent the
contact between the two members, but more work must be conducted before a more
definitive conclusion can be reached.
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Sandy Point
The Sandy Point area is comprised dominantly of unconsolidated beach and dune
sands of the Hanna Bay Member of the Holocene Rice Bay Formation. Rocks are limited
to a poorly-cemented beach rock with bedding congruent to the modern beach, and better
lithified isolated subtidal and intertidal rocks near modern sea level. The beach rock is
also part of the Hanna Bay Member of the Rice Bay Formation. The subtidal/intertidal
rocks are most likely modern in age.
Cone Karst
Other cone karst landscapes in the world are formed by processes such as incision
of a thick limestone plateau by stream action, and corrosion of the surrounding landscape;
leaving residual hills. Abaco, however, has no surface streams, and the rock from which
the cones are formed is so young that it is unlikely that corrosion alone could have caused
their formation. In the absence of surface streams, subaerial chemical and physical
erosive processes are dominant.
Such cone-shaped hills are not known from other Bahamian islands. Abaco,
however, is the only Bahamian island with high eolian relief in a climate that has a
positive water budget (Figure 3, Chapter II). This observation implicates meteoric water
flux as an important factor in cone formation. Fieldwork suggests that the form of the
hills is related to mass wasting associated with pit cave formation, which causes slope
failure on the periphery of the hills (Figure 194). The land surface is further mobilized
by forest fire-induced exfoliation of the eolianites (Figure 195), and disruption of the
bedrock surface by vegetation (Figure 196). As eolian ridges initiate with high relief,
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rock loosened by fire, vegetative, and epikarst process mass-wastes down slope as talus.
Thus a formerly asymmetrical eolian ridge is modified into relatively symmetrical cones
(Figures 197 and 198). The high amount of weathering of the limestone due to these
processes has also resulted in the felsenmeer surface on the flatter areas surrounding the
cones.
Pine forests, which are the major vegetation in the cone karst study area, only
grow on islands with sufficient rainfall (O’Brien, 2006). As pine forests provide ample
leaf litter for forest fires, islands with pine forests often have frequent fires, while drier
islands with no pine forests do not often have fires (O’Brien, 2006). Thus, the wet
climate of Abaco, which supports the growth of pine forests, which in turn cause forest
fires and disruption of the bedrock surface by their roots, further contributes to dissection
of the eolian ridges into cones and formation of the felsenmeer surface.
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Figure 194.

Formation of solution pits along the flank of a cone-shaped hill (Credit:
Adam Walker).

Fieldwork on 31 cones in the study area show that the cones can be divided into
two populations. The first population is formed from dissection of a large main ridge
trending generally north-south. The second is formed from dissection of smaller ridges
oblique to the main ridge trending NE to SW. The 19 cones of the first population are
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designated as main ridge cones, and the 12 from the second population are designated as
spur ridge cones.

Figure 195.

Fire-induced exfoliation of the bedrock (Credit: John Mylroie).

The dip of the foreset beds of the main ridge cones is to the west, and the dip of
the backslope stratification is to the east. The east facing slope represents the gentler
climbing slope of the dune, while the west facing slope represents the steeper slip face.
Slope data on the main ridge cones shows that the eastern slopes are the gentlest and
follow the dip of the backslope stratification. The western slopes are the steepest, though
not as steep as the dip of the original foresets due to the formation of talus slopes (Figure
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197). This modification creates a more symmetrical dune ridge. They remaining
asymmetry is difficult to see under the thick vegetative cover of the study area.

Figure 196.

Disruption of the bedrock surface by vegetation (Credit: John Mylroie).

Main ridge cones appear even more symmetrical in the north-south direction than
the east west direction because the original dip of the foreset beds is not a factor (Figure
198). Instead, the cones are dissected from the main ridge by the above described fire,
vegetative and epikarst processes to form relatively symmetrical profiles. The cones
appear even more symmetrical under the thick vegetative cover of the study area (Figure
198). The main ridge cones are predisposed to dissection along the N-S ridge profile due
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to the original hummocky depositional pattern of eolian dune ridges in the Bahamas
(Figures 198-200).

Figure 197.

Modification of an asymmetrical eolian ridge into a relatively symmetrical
main ridge cone in the east-west direction.

Figure 198.

Modification of an eolian ridge into relatively symmetrical cones in the
north-south direction.

The spur ridge cones do not show such an obvious relationship to foreset bed dip
and slope as the main ridge cones. This is because the foresets of the spur ridge do not
dip exactly in the cardinal directions from which the slope measurements were taken.
Nevertheless, the relationship can still be seen in that the eastern slopes are the gentlest
and generally follow the dip of the foreset beds that dip to the east-northeast. The east-
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northeast foresets represent the climbing slope of the dune while the west-southwest
foresets represent the steeper slip slope.

Figure 199.

Original hummocky depositional pattern of a Holocene dune on San
Salvador Island, Bahamas (Credit: John Mylroie).

The original asymmetrical structure of the dune as shown by the foreset beds is in
agreement with current prevailing wind directions in the Bahamas. Today, winds in the
summer are dominantly from the east and southeast and winds in the winter are
dominantly from the northeast. If the situation was similar in the Pleistocene when the
dunes were deposited, the two populations could represent seasonal variations in wind
direction. The main ridge would represent deposition under the main wind direction,
and/or during times of higher sediment production and/or transport. The smaller spur
ridges would represent deposition under a secondary wind direction, and/or a time of
lower sediment production and/or transport. The two populations could also represent
two separate eolianite packages associated with different sea-level highstands. Obtaining
proof of this scenario would require large-scale sampling of both ridge populations. The
presence of eolianite ridges in two different orientations is common on other Bahamian
islands, such as San Salvador (Figure 201).

Figure 200.

Dissection of cones from a main ridge (Credit: Joan Mylroie).
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Figure 201.

Landsat image of San Salvador Island, Bahamas, showing dune
orientations at different directions, most likely as a result of seasonal
variations in prevailing wind direction. Black lines show dune
orientations while arrows show general wind direction (from Robinson,
2005).
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These cone-shaped hills are obviously in an environment entirely different from
that of other cone karst landscapes around the world. The hills in Abaco are not residual
remnants resulting from a lowering of the surrounding surface of the land to base level.
Their placement above the surrounding landscape is the result of constructional eolian
processes. Because the formation of eolian ridges on carbonate platforms such as the
Bahamas is known only to take place during high interglacial sea levels, when flooding
of the platform allows for the creation and mobilization of carbonate sediments, these
hills are initially the result of base level rising instead of falling. Subsequently, they are
dissected during periods of lower sea level by subaerial weathering into hills of surprising
symmetry given the asymmetrical interior eolian structure. Thus, they record a
strikingly unique modification of a very young limestone ridge into landforms that are
similar to those arising from apparently different karst processes elsewhere.

CHAPTER VII
SUMMARY AND CONCLUSIONS
Flank margin caves on Abaco fit the formative model of Mylroie and Carew
(1990), in that they exhibit characteristic phreatic dissolutional features such as cusps and
bell holes. They are found within 1 and 7 meters above modern sea level, supporting
their formation during the + 6 m OIS 5e highstand approximately 125 ka. The only
exception is Bellycrawl Cave near Cooper’s Town, which has an elevation of +10 m.
Because this is the only location on Abaco where phreatic dissolutional surfaces were
present at such an elevation it is likely that some local mechanism, such as perching of
the water table, or storm loading of the freshwater lens, was at work. Other karst features
on Abaco, such as karren, blue holes, pit caves, and banana holes, are similar to those
described on other islands.
The high PITA Caves on the southern end of the island with elevations between
10-23 m are not flank margin caves, and thus do not represent a higher sea level above
the +6 m OIS 5e highstand. These caves do not exhibit phreatic dissolutional surfaces
and instead have rough surfaces more characteristic of mechanical erosion. They were
most likely formed during the OIS 5e highstand when the already present dune ridge was
cliffed by wave action. This removed the calcrete crust and exposed the soft interior of
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the eolianite, allowing for erosion by wind and/or salt weathering to form tafone-like
recesses. Similar more-recent tafone-like features are present on San Salvador.
The cone karst landforms represent a unique form of constructional cone karst
that has not been previously described. The cones form from dissection of an eolianite
ridge as rock loosened by fire, vegetative, and karst processes mass-wastes down slope as
talus. Thus, a formerly asymmetrical eolianite ridge is modified into relatively
symmetrical cone shaped hills (Figures 196 and 197). Much of the residual asymmetry is
hidden under the thick vegetation of the study area. Such hills are not present on other
Bahamian islands. Abaco, however, is the only island with both the high eolian relief and
large positive water budget necessary for the formation of the hills.
Geologic interpretations of available rock outcrops are consistent with previous
work conducted in the Bahamas and the stratigraphy of Carew and Mylroie (1995b;
1995c; and 1997). Thin section analysis was useful in the stratigraphic classifications of
many outcrops, though allochem composition cannot be used as an absolute indicator of
stratigraphic position.
Further areas of study on Abaco include; 1) to locate and map more flank margin
caves, 2) to further examine the formation of tafone-like features on Abaco and other
islands, and 3) to conduct a more thorough investigation of the geology of Abaco,
including more samples from inland outcrops such as the cone karst study area and the
outer cays, and 4) to investigate the petrography and erosion rates in the cone karst study
area in order to understand better the eolianite evolution and the amount of time required
to create such landforms.
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